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EDITOR’S PREFACE 


The first English edition of Lurge's «Sulphuric Acid and 
Alkali appeared in 1879. Since that date the hook has been 
• revised and*extended in subsequent editions until, with the 
companion volumes on Coal Tar and Ammonia, it extended 
to nine volumes, covering most of the heavy chemical industries 
of Britain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new editions. The mere 
compilation of the volumes which he wrote would be in itself 
a wonderful achievement, but Dr Lunge’s place in the history 
of chemical industry is due still more to the faSt that^he 
played a leading part in the discoveries and imprQ^mffltS' 
which built up the industries of which he ^rote. * 

By a curious coincidence, the end 8f Dr Lunge's long 
literary labours came just as the processes which he originally 
described died t»ut. The Hargreaves process has gone, in this 
country aj least; the Lei^anc process iS dying, if*not actually 
dead already; even the chamber process for sulphuric acid 
has now a competitor that threatens to become a rival. 

The vulunfes written by @r Lunge have escaped a comtffop 
criticism of facjpry managers that books give only an outline 
of a manufacturing process; indeed the onlj? criticism has been 
that Dr Lunge’s books gave almost tf>o much detail.*, It may, 
however, be realised how important fi; a detail relating to a 
matter involving a possible saving of only one-tenth of one p§r 
cent., when^t is pointed 01ft that this smaH economy in the 
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manufacture of sulphuric acid would mean i saving of thousands 
of pounds, since tty: value of the sulphuric acid manufactured 
annually in* Great Britiyn alone amounts to several million 
pounds, 

Tiach new edition of this scries has been’an expansion 
and ‘extension of that which preceded ft, fuller treatment 
being accorded to subsidiary manufactures a$ they increased 
in commercial* importance, until the name Sulphuric Acid 
and Alkali became a cover for what was practically an 
encyclopedia o/ the heavy‘chemical industries. 

The last arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
this appeared to be a favourable opportunity for instituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last few years have brought with them so mail}' changes in the 
chemical industries that the revision required in most of the 
volumes will involve such drastic recasting that the new edition 
will be mcjfc a new book than a revised edition. 

Jit *; doubtful if any pile man could take up Dr Lunge’s 
task of* Sescribing adequately all the industries now dealt 
with in tTese voluiqjl's, and it is certain that few would care* 
to attempt it. Each volume will therefore be on a special 
subject and dealt with by a separate author < who is respon¬ 
sible for tict volume, and is givei| a wide discretion in his 
treatment of the subject. 

The editor trusts that these united effvts will produce a 
n«K edition worthy of the great tradition which £>r Lunge has 
established. 

The editor will be pleased to consider fc< publication in 
this series any manuscripts or original work on this Cfr allied 
subjects'* A q c 


Liverpool, Manh 1923. 



AUTHOR’6 PREFACE 

SINCE the last edition of Dr Lunge’s Sulphuric Acid and 
Alkali appeared, the industries connected with the manufacture 
of saltcake and hydrochloric acid have undergone such revolu¬ 
tionary changes that it has been a matter of great difficulty to 
decide what was a just balance between established but waning 
processes and those newer processes which are steadily supplant¬ 
ing them. The Hargreaves process is no longer in operation 
in this country, but its historical interest and its fascination 
for inventors justify a short chapter. The manufacture of 
saltcake by pan and furnace processes is still of sufficient 
importance to merit description, but these process^ have (been 
given in less detail than in former editions, the old 

plant becomes worn out other methods cf saltcake ntanufacture, 
having no connection with the Leblanc'process,'will probably 
be adopted, and fuller treatment has therefore been given 
to other methods and proposed methods. 

An jndeavour has b\en made to provide as full details as 
possible of the scientific data available regarding the properties 
of the chemical Compounds used or prepared in these manu¬ 
factures, «as fhis information is of value whatever the meth»d 
of m anufactory may be. ’ , 

The Manufacture of hydrochloric acid is yio longer necessarily 
connected with the manufacture of saltcake, and fulle»«treatment 
has therefore been given to its manufacture from chlorine and 
to other modern developments. The chapter on the theory 
of the absorption of hydr&chloric acid has been completely 
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•ecast- and rewritten, with elimination of much polemical 
natter of little modern interest. 

The author desires to express hi» gratitude to £he manu- 
acturers, work. 1 ? chemists, and friends who have kindly provided 
nfoftnation, and also to Dr J. Knox for his assistance in the 
edius 1 task of proof-readiner. * ACC 

Liverpool, March 1923.* 



THE MANUFACTURE 

OF 

SALTCAKE, GLAUBER’S* SALT, AND 
HYDROCHLORIC ACID 

INTRODUCTION 

Onh of the outstanding features of the nineteenth century was 
the rise of several great chemical industries, and of these, one 
of the most important was the Leblanc soda industry. The 
fight for supremacy between it and its great rival, the Ammonia- 
soda industry, appeared likely to end with divided honours, but 
just as each appeared secure in its own field, the electrolytic 
process arrived and completed the downfall of the Leblanc 
process. * 

lo the chemist there must be a natural regret that thff day 
of the Leblanc process has passed. Originally a processor the 
manufacture of sodium carbonate and soditun hydroxide, it 
furnished so jnany intermediate and by-products that it gave 
directly or indirectly saltcake, hydrochloric acid, sodium car¬ 
bonate, soda crystals, sodiifcn hydroxide, ,Glauber's*lhlt, the 
sulphide, sulphite, bisulphite, thiosulphate and hypochlorite of 
soda, chlorine and bleaching powder, Chance sulphur, and «nany 
other useful products. For many years before the war the 
Leblanc process 4 icld its own aj^inst the ammonia-soda process 
only on arrymit uf the value of these subsidiary products. With 
tile extension of the electrolytic process for manufacturing 
caustic soda, and the manufacture of djlorinf product^from 
the electrolytic chlorine, the Leblhnc process was steadily 
superseded. 

The first stage of the Leblanc process was the manufacture 
of sodium»su!piate (saltcake) and hydrochloric acid by the 
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interaction of salt and sulphuric acid, or by the combined’action 
of sulphur dioxide, oxygen, and water on «salt. Although 
the Leblanc process as a method fo» the manufac^ire of alkali 
is almost, if not enjirdiy extinc^, the first stage is likely to 
retain an important position in chemical industry on account 
of ;hc many uses of saltcako and hydrochloric acid. 

It appears probable ( however, that only so much hydro¬ 
chloric acid wdl be made from silt and sulphuric acid a$ is 
produced in filling the ejemand for sodium sulphate, and that any 
additional hydrochloric acid required will be manufactured from 
electrolytic chlorine. The United States produced 168,000 
short tons of hydrochloric acid in 1914, and Great Britain 
probably produced a little more, so that the manufacture of 
hydrochloric acid is in itself an important industry. 
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CHAPTER l 

PROPERTIES OF THE RAW MATERIALS ‘AND PRODUCTS OF 
TIIE HYDROCHLORIC ACID AND SALTCAKH INDUSTRY 

This chapter is devoted mainly to a description of the chemical 
and physical properties of sodium chloride, hydrochloric acid, 
and sodium sulphate, both as pure chemical substances and 
as more or less impure commercial products. 

Hydrochloric acid, the only known compound of hydrogen 
and chlorine, has been known in the form of its solution (“ spirits 
of salt") since the Middle Ages. The gas was first isolated 
by Priestley in 1772. Glauber in 1648 prepared hydrochloric 
acid by the action of sulphuric acid on common salt, and this 
is still the most important method of preparation. Uhe other 
product of the reaction, “ saltcakc,” was for long the only fgodact 
of technical importance, and was manufactured on a v^ry large 
Scale even when hydrochloric acid was a useless and troublesome 
by-product. The chemical reaction involved in the manufacture 
is extremely simple:— 

sNaCl + H,!o, = Na,SO, + aJTCl. 

• 

We are concerned, therefore, mainly with the chefnijtry of 
these four substance*. The chemistry of sulphuric acid is 
fully described ;n another volume. The chemical and physical 
properties of the other three compound* and of compounds 
closely related to them are described fully in the following 
chapter. .Many details which may at present*8ppear unimport¬ 
ant or irrelevant to the manufacturing process are included, 
because such information may at any time be found to have 
a direct bearing on technical problems connected with the 
manufacture.* > 



RAW MATElUABSfAND PRODUCTS 

I. Sodium Chloride (Common Salt). 

Formula: NaCl. It consists of ^9-34 per cem. ui souium 
and 6o-66 jrer cent, of chforine. 

.Anhydrous sodium chloride cr/stallises in the regular system, 
nearly always in cub*s. At temperatures above o° it crystallises 
from solution in the anhydrous state ; but flic crystals, if rapidly 
formed, enclose a little mother-liquor, which causes decrepitation 
on heating. * 

For the absolute heat conductivity of rock-salt R. Weber 1 
gives K =00137 atV. • 

Pure sodium chloride is practically non-hygroscopic, but 
crude salt is generally markedly hygroscopic on amount of the 
presence of impurities such as magnesium chloride. * 

Pure sodium chloride does not absorb heat rays to any 
extent, 92 per cent, being transmitted and 8 per cent reflected. 

Colloidal sodium ihioridc has been prepared by precipitation 
from organic solvents in absence of water. - 

Density. —The density of pure sodium chloride is given by 
Clarke as 2-05-2-15; by Rutger as 2-167 at l 7 < by Krickrneyer 
as 2-174 at 20°. For rock-salt the values given vary between 
214 and 2 24. 

Ri^rfictivc Index.— The average value given by a number 
oftibserjers is 1-54432. * Stefan (1871) gives 1-54412 at i8 f for 
the D title. 

Heat of Formation. —The heat of formation of anhydrous 
sodium chloride is given by Thomsen as 97,690 calories. 

Double Chlorides —According to t). Menge, 3 sodium chloride 
forms wittumagncsium chloride the #ompound*NaCl, MgClj, and 
with calcium chloride the compound CaC'l.,, 4NaCl. , 

i/tiy/Hess of crystalline salt is stated to be 2 5. 

.1 felting-point .—The melting - point oY sodium chloride is 
, given by Carnelley 1 as 772 C. ;«by Victor Meyer and Riddle 6 
as 815-4"; by Lcchatelier (1894) as 780°; by M'Crae (1895) as 
811-814-5'; by Ramsay and Eumorfopulos (1896) js 792 0 ; by 

Ruff and Plato (fljOj) as 820"; Huttner and Tamman,(i905) as 
* • 

1 Anli. se. phvs., 189; (5), 88,590. 

J l*aal and Kuhn, Her.. 1908,41, 51 ; P. von Weimam, J Russ, Rhys. 
, Chan . 81v., 1910, 42 , 235. 1 /.. nnory Chan ., 1911, 72 162. 

* J . Chan . Soe ., 187S, p, 280. * Btr ., 1893, p. 2447.*- v 
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810° ;*Arndt (1906) as 805°; U.S. Bureau of Standards (1919) as 
810”. The solidifying-floinbaccording to I’ltlto (1906) is 804-3'’. 

Boiling-point .—The bofling-point of sodium chloride is given 
by F. Emich 1 as 1750 ami by L. ll. Borgstrom* a* 1490". 
It volatilises noticeably far below the boiling-point, giving doflse 
white fumes as the vapour condenses. • 

Density of Fused Suit ^—The following figures are from 
determinations by Arndt and Gessler, 3 who givualso the values 
for potassium chloride and various othcr.ehlorides :— 

• Temperature . 800* 8;«>" ijoo’ 

Density . . 1-540 1-505 1*480 

The densities of mixtures of fused sodium chloride with 
other chldWdcs agree with those calculated from the densities 
of the components. 

Tin, zinc, lead, and copper oxides, and zinc, lead, and copper 
sulphides, are appreciably soluble in fused sodium chloride. 
Solution takes place very slowly, and even at 1200" the 
solubility does not reach 1 per cent. 

Specific Heat.—Vox the specific heat between 13'' and 46°, 
Kopp gives 0213; between 15” and 98°, Regnault gives 0-2140“. 
For rock-salt at 0“, Weber gives 0-2146; between 13" and 45", 
Kopp gives 0-219. ( ’ * . 

Solubility in Organic Solvents .—Turner and Bissj-tto* (five 
the following solubilities for sodium chloride in variousualcohols, 
the figures representing grams of anhydrous salt dissolved by 
100 g. of solvent at 25“:— 

Solid Ml.ua . W.t,-r '’"TO 1 

M‘oho\ Alcohol Alcohol 4^fhol 

NaCl 36-05 1-31 0-065 *0-012 0-002 

• 

The solubility increases rapidly if the alcohol is diluted with 
water. Other investTgators, for example, found the solubility 
in 95-5 per •cent, ethyl alcohol*at 15 to be 0-172, and in 75 per 
cent, alcohol to be 0-7. It is appreciably soluble in glycerine. 

. Aqueous Solutions of Sodium CMoride. 

Sodium chloride is readily soluble in water and the solubility 
curva is of rather an unusual type, the solubility varying very 

1 Chtm. Soc. Ap’lracts, 1910, 9a ii., 846. Ibid., 1916, 410, 11,138. 

1 Z. EUktToctum.y 1908, 14,665. 1 them.Soc. 'Irons, 1913,108,1904. 
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little with temperature. According to Bischof, the solubility 
does not vary with pressure up t»» 4 d atmos* On dissolving 
36 parts of salt in 100 parts of walel at 12-6“, the Hempcraturc 
falls tv it)-1 . I he< heat of sokition of sodium chloride is 
giAen by Thomsen as -1180 cals. The heat of formation in 
solution is 81,510 cals, hor its heat of formation by neutralisa¬ 
tion, Thomsen gives — » 

MCI, 200 molh. H ,() f NaOll, 200 mols. ILO Nad, A,/. + i 3 , 74 ocals. 

I he -solubility of sodium chloride in water has been deter¬ 
mined with greater‘exactitude than that of most other salts. 
I he following table cs a summary of the most reliable data:— 
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_ . i 


jhe most striking feature of the solubilitv curve for salt 
_ slight variation with temperature. The tsiple points 

,. P. 1 ■*. ,lIK _, ’A ' ^' or freezing-point determinations, 
see h I.. I-„ I.amplough. 1 > 

The presence of other salts generally raises the solubility 
of sodium chloride, c-s^cially at a higher temperature. But 

/Vw. Qamb, Phil, Soc.y 1911. 10, 1 93 * 
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his decs not apply to other chlorides: thus NaCl is hardly 
iolublc in a coventrated solution of magnesium chloride, rikI 
he chloride^ of ammoniury Snd potassium (also sodium nitrate) 
jrccipitatc NaCl from its concentratftd solutions. It is also 
ess soluble in. hydrochloric 5 cid than in'water, and is‘almyst 
:ompletcly precipitated from its aqueous solution by a current 
jf 11 Cl. Its solubility decreases with increasing concentration 
jfJICl. 1 Sodium chloride,*in general, shows no tendency to 
:omp!ex formation with other saUs containing a cflmmon ion, and 
iddition of a salt containing one of thclons of sodium chloride 
therefore causes a decrease in the*solubiHty which is the more 
marked the greater the concentration of the salt added. 

Th v freezing-points of solutions of sodium chloride, according 
to Karsteil, are 
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Fret ring. 1 
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I or 1 out 

point 

jwr ri'iil 
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From Hischaf's observations Karsteil calculates the following 
figures for the evaporation of solutions>of sodiunT'chlotide in 
comparison with pure water at temperatures from ^-5° to 90“. 
If from pure wate* in a certain time there is an ‘evapora¬ 
tion of on/, volume of water, y lie evaporation from brine, under 
exactly similar conditions, is as follows:— 

From 5 per cent. NaCl solution 08768 vols. 


„ 10 

n 

&7J&0 „ 

» 1 5 » 

1* 

• 07044 

.1 20 n 

n 

• 0-6583 „ 

>» 25 

- 

0-6429 „ 

1 Ditte, Comptfi rend,, 

1881, p. 156, 
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In other words, the quantity of heat which will evaporate 
one volume of water from pure wafer will only evaporate 
the amounts shown in the table Yrpm salt solutions 


*N»Ci ll.jfllnjj. 
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16 
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Degrees 

21 

105-81 

22 

106-16 - 

23 

106.52 

24 

106-89 

25 

107.27 

20 < 

, >07*65 1 

27 

10804 

28 

10S.43 j 

29 

I0S.S3 

29.4 

1 ° 8-99 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


The tat figure or the t.ble refer., 1„ a 

“ :VeS *»»**- 


0 


Specific Gravity's of Solutions of Sodium Chloride. 


IV# cunt. 
NaCl. 1 


1 

2 

3 

4 

5 

6 

7 
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• 
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1 *0066 
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SlM-c grav 
at 20* 
(Schifl). 

1-11146 

1-1090 
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'•'247 
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I- 15 I 07 
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. M900 
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•1.2075 


Heat-capacity and heat-conductivity of salt 
Karsten (approximate values) 


solutions according 
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* N.C 1 

per cent. 9 

1 _t ... 

Heat- 
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Heat- 

conductivity. 
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• 


0 

1-0200 l 
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5 

0-9707 

. 1-0301 • 

IO *. 

0-9408 

1-0629 • 

15 

0-9102 

1-0987 

20 

0-8784 . 

• 1-1384 

25 

0-8453 

M830 

• 

• 
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Contraction in Volume on Solution .—There Is a noticeable 
contraction in volume when salt dissolves in water. For data, 
see Hallwachs, 1 Wade, 2 and Happart. 8 • 

The heat of formation of a gram mol. (58-5 *g.) NaCl from 
Na and C! »is in the solid state +97,690 cals. The heat of 
neutralisation of 40 g. NaOH with 36-5 g. HC 1 in the presence 
of 400 mols. of water is +13,740 cals. The heat of solution of 
1 mol. NaCl in 200 mols. H .,0 is —1180 cals. 

Ohemio&l Reactions of Sodium Chloride. 

Sodium chloride shows little tendency to decompose or 
dissociate even on the strongest heating. It is decomposed 
by steam to an extremely small amount, the hydrolysis taking 
place only to a small extent when strtin is blow% through 
molten salt at a temperature approaching its boiling-potot.* In 
spite of this many patents utilise the supposed reactioi^ * 

> When heated in presence of air or osfygen to ,a very high 
temperature, sodium chloride evolves some chlorine. 4 It cannot 
be reduced*by heating in hydrogen. 

Molten anhydrous sodi%m chloride is readily deeggiposed by 
electrolys+s, and sodium is prepared on a large scale in this way. 
Aqueous solutions of salt are also decomposed on %lcctroiysis, 
yielding sodium hydfoxidc and chlorine. This methotf for pre¬ 
paring caustic soda is alreadj*of great importance and it may^ 
yet replace all other methods. 

When .repeatedly evaporated with nitric, oxalic, and many* 
other aoids, sodium chloride is completely converted into a salt 
of the acid with evolution of hydrechlofjc acid. * 

* Wild. Ann ., 1894, 58 ,1. J Trans. Chm. Soc., 1899, 75 , 254. 

8 Bull. Inst. Ulge, 1903. 

4 de^sflBerval, Comphs rend% 1893, U 0 . 641. 
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• Sodium chloride absorbs a considerable amount of eulphur 
trioxide, 1 and onl^ on heating is there evolution of gas. The 
reaction which occurs is represented f by the equaticyi:— 

, Nadl + 2S0 3 =Na0S 2 0,,CI. 

When sodium chloride is warmed with sulphfir trioxide, the 
following reaction takes place:— • 

2NaCI +*4SO s = Na,!j,, 0 ; + S,, 0 ,C!,. 

When sulphuV trioxide vapopr is led over red-hot sodium 
chloride, sulphate is fcfrmed :— 

. 2 Na£l + aSd, = Na,S 0 4 + SO, + Cl,. 

If a solution of sodium chloride is saturated with hydrogen 
sulphide, sodium sulphide up to 15 per cent, is formed, and 
by passing steam and hydrogen sulphide over salt the decom¬ 
position can be carried even further. 

When lead oxide is added to fused salt, caustic soda and 
lead chloride arc formed. When fused salt is strongly heated 
with lead, metallic sodium and lead chloride are said to be 
produced. 

Occurrence of Sodium Chloride in Nature. - 

Sodium chloride is found in nature more widely distributed 
aiW larger quantity than any other soluble salt of the alkali 
metals. , It is the chief solid constituent present in sea-water, 
in the water *>f salt lakes, natural brine, and in rock-salf. 
It occurs also as a deposit on salt deserts and in salt clay. 
The detailed description of the manufacture of salt from 
these soivses is outside the scope *cf this volume, but a few 
notes may be of use. Analyses are also given in order to show 
the naturl of crude salt which may be met with in practice. 

In sea-water sodium chloride forms about four-fifths of the 
, solid constituents. Its absolute quantity in the ‘open ocean 
varies between 28 and 36 g. per litre, usually 33 g.; in the 
Baltic we find only 4-8, in the Black Sea 15-9 g.« In many 
1 W.^raubc, Her, 1913,4*6, 2513. 

a A very detailed description*of the occurrence and manufacture of 
technical sodium chloride, from the pen of Ochsenius and Purer, is foend in 
the fourth German edition of Muspratt’s Chemistry , by Prof. Bunte, vol. vi., 
pp. 431-S40 (of 189S). This is referredwo in the text as “ Mflhjnnt- Bunte.” 
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daces In warm climates salt is recovered from sea-water.by* 
spontaneous evaporation ii^ the air, especially in France, 
Italy, Spain,.Austria (in th*: Adriatic), South Russia (Crimea), 
ind other localities. # • # • 

The manufacture of salt from sea-water is, in theory,^ vejy 
simple affair, but it is made difficu^ by thcwcry large quantities 
,[ water that have to be treated, the ^lormous area necessary 
for.such large scale solar evaporations, and the difficulty of 
keeping the crystallised salt frep from the mottfcr-Iiquor salts. 
Iij exceptional cases these arc also taffen into the cycle of 
operations, and magnesium sulphate, Glauber’s salt, potassium 
chloride, magnesium chloride, etc., arc made from them. The 
industry of making salt from sea-water is minutely described 
in the French edition of this book 1 and in Lunge’s paper on 
the saltworks at Giraud-cn-Camargue 2 ; also in Muspratt-Buntc, 
vi., pp. 594 el set/. The following are analyses of a number of 
samples of sea-salt:— 


Analyses of Sea-salt (from Muspratt-Buntc, vi., p. 605). 
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I, Salt from S. Felice, near Venice (Schriftter & Pohl); 2, from Trapani, Sicily* 
(the same) ; 3, from St Ubes, Portugal, la quality (Berthier) ; 4, ditto, XIo quality )■ 
5, ditto, 11 It quality; 6, from Figueras, Portugal (Berthier); 7, from Lymington 
(Henry) ; A ditto, “ cat-salt” ; 9, Scotch sea-salt (Henry)^lo to 12, from St Ubea 
(Karsten) ; 13 and 14, from Oleron and Majfnnes, tharente-Infdrieure ; ^5, ordinary 
salt from Languedoc and Bretagne ; 16, grey salt from Bretagne. 

1 Lunge et Naville, Traill de la fabrication de la Soude, vol. ii., pp. 27-46. 

* Chcm.lnd., 1883 , p. >25. * 






12 f R<\W MATERIALS A'ND PRODUCTS 

* * . v 

. The following analyses were made by Naville of the-average 
products obtained in actual work at .the Sakns du Midi, from 
the Etang de Bcrre: 1 — , , 


1 

4 

* 

First quality. 
(Kitchen Halt.) 

Second quality. 
(Manufacturing 
salt.) 

Third quality. 

(For curing fish.) 


« 



CaSO, . 

i-n; 

, 0-621 

0-440 

MrS 0 4 . ., 

0*221 

0-506 

0-612 * 

KC! 


truces 

0-122 

MgCl u . 

01100 

o -377 

1-300 

Insoluble . 

OOjO 

0-030 

0*050 , 

Water . . 

* I *400 * 

4-201 

5-758 

NaCi . : 

97*100 

94.212 

91*217 


99-986 

99.947 

,99.499 


Rock-salt occurs in all geological formations, most abundantly 
in the Permian, Trias, Jura, and Chalk. The best-known occur¬ 
rences arc:—in the Permian, the great Stassfurt bed; in the 
Upper New Red Sandstone, many German and most English 
brine-springs; in the Muschelkalk, most of the South German 
and Austrian beds (Friedrichshall, Schwabischhall, Salzkam- 
mergut, Bcrchtesgadcn, Rcichenhall); in the Keuper, the 
I.orrain^ beds (Dieuae, Vic, Nancy); in the Nummulite Lime- 
stqpc/t'he salt mountaift at Cardona, in Spain, 300 feet high, 
ancf the*Asia Minor beds; the Tertiary formation yields the 
large bcds.in the Carpathians (VVieliczka), in Hungary (Mar» 
maros), and in the Russian plain. An enormous salt bed was 
discovered in Utah in 1907. • 

The table on p. 13, from MuspraH-Bunte, vf., p. 437,gives the 
composition of samples of rock-salt from various, localities. 
The tablqp on p. 14 contain some further analyses. 

Stejfpe-salt, as efflorescences on the gfcrnnd of steppes and 
deserts, is found in the Soudan,<11 Central Asia (Thibet), near 

* the Caspian Sea, the deposits being merely of local importance. 

• Salt lakes exist in rather large numbers; their v^ater, apart 
from sodium chloijde, always contains many other salt*, especi¬ 
ally caldfum and magmSiium .chlorides, sulphates, etc. Among 
the best known are the threat Salt Lake in Utah (with 9-7$ per 
cent. NaCl), the Titicaca Lake, 18,800 feet above the sea-level, 

1 Luntfc et Naville,*vol. ii„ p. 46. 
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• the Dead Sea (with 10 36 per cent. NaCl), and some of the bays 
of. the Caspian. Some analyses of tfye water,, of salt lakes are 
found in Muspraft-Bunte, vi., p. '4J3. 


Further Analyses of Rock-salt. . 


« 


France. 

1 


* Algeria. 

Spain. 




1 

• 


, 


»’araiige- 

villc 

Vic, 

half-grey 

Vic, 

.. gr.-y 

Uled- 

kobbad. 

Kobbali. 

Cardona. 
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NaCl . . 


97 'to 

90*30 

95-4 

72*16 

97.87' 

M K C1, . . 

• 0*0') 



o -53 

5-57 

0*14 

CaCl.i . 

0*05 


5*00 

0-90 

1-65 

0*14 

Mg SO, 





$■06 

0 aSO 4 . 

3*07 

0-30 



10*70 

o*88 

KaS0 4 . 



2*00 




CuCO,. 





3 * 7 i 


m k co, 





2-89 


Clay . 

SiO., . 
Insoluble 

>74 

1*90 

• 

o -33 

1*74 

0-85 

Water , 

0-20 


0-70 

, 4 0 

... 

0*12 


Analyses of Stnssfurt Rock-salt (from Pfeiffer, Kali-Industrie, 
1S87, p. 27). 




.YtO • 

M K n. 

N.t-.sn, 

K.8l>, 
Ml-Su, 
CaSW 
II U . 

$ 


« 

1 j 2 . 

1 

8 . 

4. 

97-53 i 

91*13 

99-522 

98*020 


o *97 


0-138 

0*43 



*... 


I.42 

0-69* 

0*120, 

0*305 

0-23 

0*l8$ 

0*237 

• 1*49 : 

5 ' 4 + 

0*007 

0*888 

0*30 | 

1 

o *35 

0086 

0*$12 


I, Pure transparent (Rammelsherg) ; 2, opaque salt from underneath a “year- 
rinjj” (Pfeiffer) ; 3, from the upj>cr beds, picked, granular (Precht)*; 4, the same, 
• medium quality (Precht). 


An interesting lake is that at Arzew (province* of Oran), 
which d|ies up in Sumner. It has a surface of 8625 acres, and 
is said to contain 2J mitlion fons of salt; it is worked for this 
by the Soci^te Maletra at Rouen. * 

From the salt lakes in the Astjachan district tons of 
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alt are ebtained per annum, containing from 87 to 99 per cent. 
<aCl, o to 9 per cant. Na^O^o to 17 per ceijf. CaSO„ o to 2-8 
* r cent MgQ 2 , 05 to 4 pci; cent. H 2 0 , and 0 to 2 5 per cent, 
nsoluble. 

I The manufacture of common sail jrom ortnc {fan-salt )'is ai^, 
Important industry. Details will be found .in a description of’ 
the English methods of manufacturing gommon salt by T. W. 
Stuart. 1 In America and o» the European continent more 
Complicated methods, such as stc;am-hcated and tven vacuum 
pans, are frequently used. Vert’ important improvements in 
the processes of manufacturing common salt from brine are 
claimed in the United States patents of Herman 'Frasch, Nos. 
874906 and 874907, of 1907. 

Apart from natural brine-springs, salt-wells are artificially 
produced by bringing the subsoil-water or a weak brine into 
contact with subterranean rock-salt or salt-clay, and pumping up 
the strong brine thus formed, in order to boil it down. This is 
more particularly done in Cheshire, where the greatest salt- 
making industry of the world is carried on, and where most 
bf the rock-salt is too much contaminated with ferric oxide to be 
used without purification. Moreover, the coal required for 
boiling down is very cheap in that locality. 

Composition of Natural Salt. 

• • 

In Muspratt-Uunte, vi., pp. C23-26, a number oflablfis is given, 
showing the, composition of the various descriptions of salt 
made from brine in Germany; also of the impure by-products 
obtained in that industry and of the ipother-liqtfBTs. The 
table on p* iC shows the composition of some kinds of salt 
produced in England, America, and Belgium. ' . 

The suitability of various forms of salt (rock-salt and pan-salt) 
for the manufacture of saltcake will be trlatcd in Chapter IV. 

Brine as such is used in enormous quantities in the manu¬ 
facture of Soda by the ammonia process, and for the manu¬ 
facture of caustic soda by the electrolytic process, and^vill be 
treated in the volumes dealing witlf thestf industries. 

1 J. Soc. Chem. Jnd., 1888, p. 660. 
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^Preparation of Pore Salt 

A good deal of stir wa» made by the "Tee" process, for 
which Tec and Pcrkcs obtained the Gw. J\ 171714,*and Tee 
alone the B. P.Ti6n, of 1905, the Gcr. P. 206569, and the Vr. Pf 
364731. Pure salt was to be obtained fronf rock-salt by fusiqg 
the latter and treating it with a mixtuee of steam, air, carbon 
dioxide and monoxide, some %olid fuel being a I so, added. The 
fused salt was run off together witn the scoria formed. Accord¬ 
ing to Chan. Trade vol. xliii., p 562 (19th December 1908), 
"The International Salt Company"Vas founded,for the pur¬ 
pose of carrying out the invention, the advantages of which are 
"somewhat severely criticised in the same number, p. 559. 

The New Salt Syndicate, Limited, obtained a B. P., No. 
I2t 10, of 1907, on mechanical contrivances for stirring liquid 
salt in the process of purification (Gcr. P. 204444). 

Lawton (B. P. 3866, of 1900) prepares pure salt by volatilis¬ 
ing common salt on a hearth heated by gaseous fuel, and 
condensing the vapours in a cooled chamber. 

Taylor 1 contends that absolutely pure salt cannot possibly 
be obtained on anything like a commercial scale, since it must 
always take up impurities from the vessels, whether metallic 
or earthenware, but comparatively less than in other casftw^from 
“specially enamelled” cast-iron. , 

Sodium chloride as a by-product is obtained in various in¬ 
dustries, always more or less contaminated with knpifrities, and 
is locally employed for making saltcake, but is frequently not 
very suitable for ^his purple. This is, for instance, the case 
with kelp-salt —that is, the salt obtained,as a by-p«duct in 
working Scottish kelp for potassium salts and iodine. It 
contains about 90 per gent. NaCl, with about 8 per cent. JC,CO, 
and Na,C 0 3 . The latter salt., jjive it a certain value for pur¬ 
poses where the alkaline carbonates are employed as such— 
for instance, for reducing high-strength Soda-ash to a lower 
strength; but. in the manufacture of saltcake they are less 
valuable than NaCl, as they yield no IJCi. * # 

The saltpetre-salt, which is obtained when converting sodium 
nitrate by potassium chloride into potassium nitrate, contains 
1 /. Amir. Chem. Soe., 190S, xxx., 1631. 
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> about O' 5 per cent, alkaline nitrates, aftd is not very suitable for 
making saltcake, as part of the HC 1 is # destroy,ed, with formation 
of free chlorine, and the iron pan? are very much acted upon. 

• 

t • Denaturation of Common Salt^.- 

. In those countries whcue common s^t is subject to a high 
duty or to a State monopoly, the manufacture of saltcake would 
be simply impossible, if a way <!ut of this ‘difficulty was not 
found in “denaturayon.” In Great Britain, where previous 
to 1828 a high duty was laid upon salt and the denaturatjng 
process was. unknown, tlie saltcake and soda manufacture, 
invented forty years before, could not be carried out at all. 
According to Mactcar, 1 the price of salt in Scotland in 1798 was 
about £3, 10s. per ton, to which £3 was added for duty; and 
in the same year the duty was raised by ,£13, so that the price 
of salt rose to £ 19, 10s. per ton. In 1805 the duty in Scotland 
was £ 12, in England ^30 per ton ! In 1829, after the duty had 
been abolished, the price of salt in Scotland fell to £1, 2s. 
per ton, and this immediately called into existence the great 
alkali industry. Later on the price of salt in Scotland and 
on the Tyne sank to about 15s., in Lancashire to about 
6s. per ton, and in Cheshire, in the shape of brine pumped 
over/gfouml, inclusive.of royalty, the price of salt is only 6d. 
p£Jio». 

In^jermany tly duty on salt is still in existence, and would 
be much Too ‘high to permit of decomposing the salt for salt- 
cake, but the duty is avoided by “ denaturating " yic salt under 
official supervision. The substances mixed with salt for this 
purposfTTirc very different. Fischer's Jahrcsbcr ., 1886, p. 277, 
enumer^fes4 to 15 per cent, soda-ash ; 12 per* cent, soda 
crystals; 2 per cent, sulphuric acid I48°^rw.; 2 per cent, strong 
hydrochloric acid; 10 per cent, bicarbonate of soda; liquor 
ammonite; a solution of aniline colours; 5 to 1666 per cent. 
Glauber’s salt. Evidently for salt intended for the saltcake 
manufacture the best denaturants are sulphuric atid, sulphate 
of soda, and mTre-calje. Of course it must be analysed and 
a certain proportion'of sftlphuric acid, corresponding to the 

• 

1 Report on the Alkali and Bleaching Powder Manufacture of the Glasgow 
District o. 4. 
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“free arid” in the nitre-cake, must be deducted from ,the‘ 
charge in the saltcake, pan. Nitre-cake flight not to -be 
mixed with {he salt in pieces, but in the crushed state (sec 
later on). • 

In large wejks it pays better to have tlie dccomposifion trf 
salt checked by a regular staff of lixeise‘officers rather than 
incur the expense of denaturing. * 


Sta titles. 

. The following figures referring to the* production of salt in 
Great Britain in former years will stfll present some interest:_ 

Production of Salt in Great Pritain. 
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< 
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2,305,569 


t 
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The following statements on the production of salt*in the 
whole world since the year *890 have been compiled from 
the various volumes of The Mineral Industry , edited by Roth- 
well and later on by Ingalls. The unit employed there is the 
metric top=0-9842 English long tons=M02£ American short 
tons. We have abridged this to kilo-ttms, representing 984-2 
English or 1102-3 American short'tons'each. The figures for 
the United States for the years 1906 and 1907 are calculated 
from the official reports of the i).S. Geological Survey:— 
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In 1908 the quantity of salt produced in the United Slates' 
was 28,822,062 b&rrels of 281} pounds, valued* at $7,553,632ii- 
1907 the production reposted was 2^,704,128 barrels, valued 
at $7,608,323. Expressed on,a tonnagfc Ijisis, thcse*qu^ntities 
represent an output of 4,158,578 short tons in 1907 and tfl 
4,035,089 short tonspn 1908, In. 1907 th*e average net vaiut 
was 25614 cents per barrel, or $l-83*per short ton; and ir 
1908, 26 208 cents per barrifl, or 81-87 per short ton. 

The following table shows the quantity and value of sail 
reported as produced in the United States from 1900 ti 
1908:— 



Harrell. 

Va!u«. 

19^'. 

1902 . 

. 20,566,661 

$6,617,449 

23,849,231 

5,668,636 

1903. 

18,968,089 

5,286,988 

1904. 

22,030,002 

6,021,222 

1905. 

25,966,122 

6,095,922 

19c/,. 

28,172,380 

6,658,350 

1907. 

29,704,128 

7,608,323 

190s. 

28,822,062 

7,553.632 


Salt consumed for the Manufacture of Saltcake and Soda. 

• 

The statements concerning the quantities of salt confuted in 
Great Britain and Ireland for the manufacture of saltcake^and 
seda, up to the year 1877, rest on somewhat unccrtafn data; 
from that year we have the annual Ruperts* of 'the Alkali 
Makers’ Association. The following table is taken from It. K. 
Muspratt’s paper, in the J%Soc. them, hid., 1886, p.412, up to 
the year 1884; from 1885 to 1896 we .have comjJfled from 
the officiaf reports of the inspectors under the Alkali Act. The 
brine consumed in tljp manufacture of ammonia soda » taken 
into account, assuming ! 46 tops of salt consumed for each ton 
of ammonia soda manufactured. The salt consumed in the wet • 
copper-extraction process is not reckoned from 1885 onwards.* 
From 1897onwards these statistics are not found in the official 
reports. 


U.S. Gent. Survey , 1909. 
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CotiHUmecl 

Consumed for 


• Year. j 

Baltcako^nd 
Leblanc Hodft 

fur I 

•Wet Copi* 4 . 

Total. 

Ammonia nodal 

extraction. 



• Tuns # 

• • 

* Tons. ^ 

Tons. 

Tons. 

« 185/ 



• 

137,547 

I i860 




250,000 

.1861 

* 

a.. 


235,360 

1863 


• 


254,600 

1866 




351,000 

1869 




306,905* 

1871 

1874 




352,350 

459,756 

1876 



... 

538,600 , 

1877 

552,570 • 

• 9,082 

16,549 

578,201 

1878 

5 1 1 S 4 

16,230 

17,158 

568,542 

1879 

575*447 

22,669 

17,171 

615,287 

1880 

648,587 

27,416 

24*013 

700,016 

1881 

620,064 

29,783 

25*252 

N 675,099 

1882 

598,833 

56,914 

24,188 

679,935 

1883 

<*02,921 

77,015 

25,796 

705,732 

I884 

578,874 

89,759 

21,869 

690,502 

1 1885 

59,8,0911 

115,032 


713,128 

1886 

584,323 

| 137,220 


721,543 

i 1887 

577,381 

1 158,636 

... 

736,017 

1888 

590,312 

212,181 


802,493 

1889 

584,203 

219,279 


803,482 

1890 

602,769 

> 252,260 


855,029 

1891 

567,863 

! 278,528 


846,391 

1892 

519,593 

1 304,897 


824,490 

1893 

1 467,562 

349,609 


817,171 

1894 

434.298 

361,603 

1 

795,901 

1895 

408,173 • 

428,614 

j 

836,787 

189^* 

360,929 

. • 431*577 


792,506 



_ .. . — 

1 --- - 
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II. Sulphate of Soda. 

Norqjjl sodium sulphate, is one of the principal 

products of the alkali industry; it is also found in nature in 
large quantities. As a technical product it is, in the anhydrous 
state, generally styled " saltcakc,” and in \he decahydrated state 
“ Glauber's salt.” • 

Before the ammouia soda and electrolytic processes entered 
so much into competition with the Leblanc process, the manu¬ 
facture of saltcaWt was much more important than ait present 
Nowadays, natural sulphate, and Glauber’s salt obtained as a 
by-product in various cases also compete with the ipanu- 
factured saltcake. Nevertheless this manufacture is still a 
most important branch of indastry, both for Lfcfelanc soda 
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and for* glass-making; and a large quantity of saltcake. is 
also manufactured to obtain # hydrochloric a<$d as a principal 
product. • 

Historical Notes}— Sodium # sulphate**was first dessribed by 
Glauber, in hisVeatise De Natura Sa/iutn (1658). He mlde it* 
from the residue remaining after th$ preparation of hydrochloric 
acid from common salt and sulphuric acid, and gave it the name 
sal mirabile , strongly recommending it for internal and external 
use; later on it was called, after,himself, sal mirabile Glaubtri. 
Kynkcl, however, in his Laboratorium Chjmicum (1716), asserts 
that Glauber’s salt had been knotoi as ifn arcanum to the 
Electoral house of Saxony a century before Glauber. On a 
large scale i^was first produced from salt-brine at Friedrichshall 
in Hildburghauscn, and has been known since 1767 as sal aperi- 
tivum Fridericianum or Friedrichssalz. At that time it was 
obtained by freezing-out on cold winter-nights (sec below). 

Anhydrous sodium sulphate, Na a SO, (Na = 32-38 per cent.; 
SO ( =67-62 per cent.). This salt, which is found in nature as 
the mineral Thenardite, is obtained in the pure state by 
dehydrating crystallised Glauber’s salt, or by crystallising from 
solutions above 33°, or from strongly alkaline solutions at the 
ordinary temperature. The “ saltcake ” of commerce is impure 
sodium sulphate. It crystallises in the jhSmbic system «ith an 
octahedral habit; its density is 2-655 ( at the fusing-poinj £u)4). 

Melting-point is variously given as follows :— * 

Carnelley (i878) = 86i°±3°; Meyer, Riddli*arfd Lamb(i893) 

= 863-2°; Le Chatelier (1887) = 867°; M'Crae (1895) = 881-5”, 
885-2°; Heycock* and NeWlle (1895) = 883-2°; Ramsay and 
Eumorfopulos (1896) = 884°; Ruff and Plato (1903) =?So°. At 
a white heat it volatilises, and boils at “ about the temperature 
of melting iron.” This indicates that the boiling-pofnt lies 
between 1000° and 1600°, and, there appears to be no more 
definite information available at present than this vague state- • 
ment The residue from the incomplete evaporation of sodium * 
sulphate fcas an alkaline reaction. m 

Specific heat of sodium sulphate is given by SchiMler as 
0-229^5 (28° to 57°), and of fused sodium Sulphate (17° to 98°) by 
Regnault as 0 2312. 

‘ * 1 Cf. Kopp, GexkkHte dir Chemie, iv., p. 4 or 
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. Density of anhydrous sodium sulphate at 15' is 2-673. F° r 
the melted salt, Ijrunner gives: , » 

d, = 2^065 - 0.0004ft (t° - 900 '). 

# • 

Modifications of Sodium Sulp'nate. —According to Coppet, 1 two 
modifications of sodium sulphate exist: — a, formed by the 
efflorescence of the hydrated salt at ordinary temperature, and 
formed by heating above 33°, Only the, a modificatipn is 
capable of caesing crystallisation of a supersaturated solution. 

Pickering 2 also gives evidence of the existence of two 
modifications. Hu states .that the heat of solution of the salt, 
dehydrated at 150' or obtained anhydrous by boiling the 
aqueous solution, is 57 calories; that of the salt ignited at a 
red heat, 760 calories; and that of the fused salt, 857 calories. 
After keeping for three months, the heat of solution of fused 
salt was found to have fallen to 438 calories. 

Thomsen gives the heat of solution of fused sodium sulphate 
(in 400 mols. of water) as 460 calories; that of the anhydrous 
effloresced salt as 170 calories (that of the decahydrate is 
negative). 

//cat of Formation. —The heat of formation at 15“ from the 
elements is 327,000 calorics. The heat of neutralisation of 1 
mol. oj sulphuric a®id by 2 mols. of sodium hydroxide, each 
di^gdlved in 4 litres of water, is 317,000 calorics at 15”. 

•fh£ heat of formation in solution of NaHSO, from 1 mol. 
of HjSOj^ind^i mfcl. of NaOH is 14,600 calories. 

Hydrates of Sodium Sulphate. 

The existence of the monohydrated sodium sulphate which is 
said to separate at 30° when a saturated solution is warmed, is 
very dbubtful. » 

A dihydrated sodium sulphatt has been described by Thomsen, 
but the existence of {his hydrate is extremely doubtful. 

Heptahydrated sodium sulphate often separates on cooling a 
solution which Jjas been saturated at temperatures above 33 0 . 
It is Tmstable over tHfe whole range of its existence, and the 
crystals in the air rapidly become dull through conversion into 
a mixture of anhydrous salt and the decahydrate. 

1 Comptes rend., St, 194. • 3 J . Ckem. Soc., 1S&4, 6*6. 
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For 3 recent investigation of this change, see D. Gerney. 1 ■ 
Sodium sulphite decnhpdrtte, Na 2 SO ( , ioM 2 0 , or Glaubers 
salt, is an important article of commence. It separates from 
solutions below 33“ or on evaporation of solutions at* ordinary 
temperatures. '»The transition temperature of pure NajSO,; 
ioH 2 0 is, according ^o E. von Biron and S. P. Malschcvsky, 3 
32-45“. The same investigators show 1 tlfc changes produced in 
the transition temperature anfl in the solubility b^ the presence 
in various amounts of sodium chloride, sodium bromide, sodium 



iodide, soflium chromate, dextrose, and alcohol. Solubility 
determinations at the*transition temperature gave rcsalts for 
the pure salt averaging 49- 5^ g. of anhydrous Na,S 0 4 per 
100 g. of w'ater. 

C. Leenhart and A. Bontarie 8 give the latent heat of fusion 
of the deedhydrate at 31-3° = 56 9 which gives K = 32-5 in 
van t’Hotf’s formula, agreeing well with tlie experimental 
figure. 

1 Comptes rend., 1909, 140 , 77. 

* /. Russ. Phys. Chtnt. Soc 1908, 40 , 1619. 

^ J.U.S. Ais., t 1913, p*669. 
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Solubility of Sodium Sulphate in Water 

.. . * • 


Tmnp. 

*C. 


Halt separated 
at tli« bottom. 


4 - IO 
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20 

25 
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, 34 

fus.-pt. 84 

- 8-66 

0 

+ 10 
20 

26 

+ 18 

20 

24-4 

25 
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NxjS0 4 , ioII.,0 


Icc + Na.j.SO,, 7IU 
NajSOj, 7IL0 


Na.,S 0 4 . 

N :ijs( » 4 ," 7 11„0 
Na.jS 0 4 . 

• 

Xa.jSO^, loll/f 


( 1 * 118 . 
NaoHO^ 
dlHsoIved in 
100 grni«, 
water. 


5*0 

90 

13-2 

19-4 

28-0 

400 

55*0 

78*89 

l 4*5 

19*6 

30*5 

44*7 

55*0 

53*3 

52*8 

5 i *8 

51*5 

50*4 


Observer. 


Loewel. 


I ilden and Shenstone. 
De Conjiet. 

Loewel. 


35 
40 
5 o 
60 
7 o 
80^ 
90 
100 
101*9 
11 b 

140 

160 

180 

230 

150 

190 


| Naj,S() 4 rte)mbi( crystals. 


49.6 

49-4 
48*2 
46*8 
45*5 
44 # 
437 
42*9 
427 
42*2 
41*9 
42*0 
* 42*9 
44*2 

46*4 

42*2 

42*7 

42*9 

21*7 


Richards and Wells. 
Interpolated from Gay-Lussac’* 
results. 


Berkeley, at 751 mm. pressure, 
fliiaen and Shenstone. 


Etard. 


The solubility of sodium sulphate and its hydrates are also 
shown graphically m the diagram on p. 25. It will Be noted that 
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S he solubility of the anhydrous salt diminishes with increasing 
emperaturc. Thtf heptafydntfe is unstable ataill temperatures 
iut its solubility has been moasured by Locwel. 

> # * • 

Specific Gravity V the Solutions of Sulphate of Soda at differentt 
Degrees of Concentration at 15° C, according to Gerlach. 


Per ®nt. 
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N«gB0 4l ion/)# 
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N* 2 ») 4 - j NayHO*. lOIIgO. 
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IO64 
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IOI82 
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I.O69 

3 

1-0274 

1*013 

18 

*' 

8 
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4 

10365 

1*016 

1 19 
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' 5 

10457 

1*020 

20 


1082 

6 
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1*024 

21 


1086 

7 

106)44 

1*028 

l 22 

1 • • i 

1090 
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10737 

1*032 

23 

! . j 

1094 

, 9 

10S32 

1*036 

24 

‘ -- 1 
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i 10 

10927 

1040 

25 

* 1 

M 03 

11 

1-1025 

1044 

26 


M07 

12 


1047 

27 

1 

I*1II 

13 


1*052 

28 


1*116 

14 


1*056 

29 


1*120 

IS 


1060 

30 


1 - 1*5 

At 19' 

, according to Schiff 1 

— 
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j Spec. grav. 

Per cent. 

lVr emit. 

Sj*«c. grav. 

Per rent. 

per Ofcit. 

lOIIgO. 

Na-jBOj. 

Na„H0 4 , Kill./). 

.# 

1* 1 

| ^0040 

I 

0*441 

1*0642 

•l6 

w 

. 7-056 

1-0079 ! 

2 

0*882 

1*0683 

*7 * 

7-497 

i*ou8 

3 

1-323 

10725 

18 

7-938 

! I-OI 58 • 

# 4 

1*764 

10766 

19 

8-379 

I*OI98 

5 • 

2-205* 

10807 

20 

8.820 

1 - 023 S 1 

6 

2-640 

10849 

21 

^■9-261 

1 1-0278 

. 7 

3-087 

IO890 

22 

9-701 

1-0318 

8 

3-528 

1 0931 

23 

10-143 

10358 

9 

.3-969 

1-0973 

24 

10*584 

10398 

10 

*4-410 

MO15 

25 

11-025 

10439 

11 

4-851 

, M 057 

26 

I1-466 

10479 1 

12 

5.292 

1*1100 

27 

11-907 

1*0520 

13 

5-733 

MI42 

28 

12.348 

1-0560 1 

14 

6-174 

1*1184 

29 

12-789 

1*0601 

( 

• 15 

6-615 

11226 

30 

13-230 

_ i 

• 


1 

M 



• m 


Sodium sulphate is not appreciably soluble fn absolute alcohol 
at ordinary temperatures, a little more so in alcohol acidulated 

* 1 Ann. Chem. Pkatm., cx., p. 70. 
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with sulphuric acid. Therefore alcohol precipitates sodium 
sulphate from a* cold saturated solution. lit dilute alcohol it is 
more soluble; the saturated solution, according to Schifif, 1 

contain* at 15 C.• , 

• • _ - _ 


Alcohol of • t 

Per pent. | 

Per cent, of 

upec. grav. 1 

• by weight. 1 

• Na.j 8 () 4 + 10 H.A 

.. t 

-1 

_ 

1 000 (water) 

• 

0 

* 25*6 

0-976 

. *0 

14-35 

0-972 , 

20 

5-6 

0-939 

• 

1 

1 

t 

0 ; 

■*f 

| 

• 1 

1-3 


It is soluble in glycerine, less so in strong acetic acid, soluble 
in hydrochloric acid with strong evolution of heat. In some 
saline solutions it is more easily soluble than in pure water—for 
instance, in solutions of potassium sulphate, magnesium sulphate, 
potassium chloride, and potassium nitrate. The increased solu¬ 
bility in these cases is due probably to the formation of complex 
salts. On pounding together sal-ammoniac and Glauber’s salt, 
the dry mixture becomes damp, the temperature being lowered 
at the same time, and a mixture of ammonium sulphate, sodium 
chloride, and water is formed, of which the last previously existed 
in the crystals. 

Chemical Reactions of Sodium Sulphate. 

A current hydrochloric acid gas at a red heat converts 
sodium sulphate entirely into sodium chloride, Sulphuric acid 
being, set free: we shall discuss this retire in detail when 
describing the properties of^ hydrochloric acid. Jhis process 
takes place in progressive stages.' 2 When sodium sulphate 
is ignited with calcium carbonate thfcre is no decomposition 
(Schcurer-Kestner and Kolb), which is of importance for the 
theory of the soda : proccss. A mixture of Na 2 S 0 4 with Al 2 O s 1 
is not changed even on prolonged heating to r^incss, but in 
the presence o f water and coal, sodium aluminat® is formed. 

Fuse'd with silica and coal, it yields silicate of soda; on 
fusion with iron and caustic soda, Fe 3 0 4 and the sulphates 

1 Ann. Chem. Pharm., acviil, p. 365. 

* Colson, Comptfj rend, cxxiii., p. 1285.” 
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If iron and sodium are formed. Its solution is decomposed 
(cry incompletely by mill»of-limc into calciuy sulphate and 
austicsoda; but, according tpYessie du Motay, 1 at a pressure 
>f 2 to 20 atmos, 75 to 8o per cent, of ttc sodium sulphate is 
austicised by linje. * * » 

When an intimate mixture of Na.,S 0 4 ami animal charcoal 
s heated in an iron pip£, ! no interaction t»kcs place below 950"’ 
>ut aj this temperature the reduction is rapid and uniform, 
specially if carbon is used in the; proportion required by the 
iquation: 

Na,,SO, + 4 C = Na,S 4 4CO. 

jVith this mixture, 70 per cent, of the sulphate is decomposed 
n twenty miifiites. With increase of temperature, the rate of 
eaction increases rapidly. 

J. W. Cobb 3 found that in dry air sodium sulphate com- 
ncnced to decompose, as evidenced by the evolution of sulphur 
jases at 1200" to 1220" and dissociated more rapidly at 

1330" t" 1350°. 

In dry hydrogen decomposition, as shown by evolution of 
iulphurettcd hydrogen, commenced at 530 to 540°, increasing 
steadily with the rise in temperature to fairly free decomposition 
it 900”. No decomposition could be counted as due to silica 
>r alumina if the atmosphere was reducing. * * 


Aoid Sodium Sulphates. 

1. Trisodimn hydrogen disulphate, Na,H(S 0 4 ) s , described by 

Thomsen and Mit^fcherlich oil very flimsy evidence, ht£ been 
solated an<J its existence definitely proved by Butler and 
Dunniclifif.' r 

2. Acid sodium sulphate or sodium bisulphate, NallSt),, is 
■eadily formed by heating common salt with two equivalents 
>f sulphuric acid. From a hot solution it.crystallises as the 
inhydrous sajt and from a cold solution as the monohydrate. 

(a) Thn anhydrous crystals are transparent long, quadri- 

1 Bcr., v., p. 7 ji. 

2 A. Colson, Comptes rend 1909, 149 , 1076. 

3 Jt Soc. Chem, / nd. t 1910, 89 , 72 and 399. . 

• 4 Trans. Chem. Soc., 4920, 117, 649. 
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lateral prisms with oblique end faces.' They remain hrilliant on 
drying, but th<^ surface becomes dyll on (exposure to the air 
although the crystals do not deliquesce. Sp. gr. 1-8; melting- 
point 149°. Heated JSbove the melting-point, the salt decom¬ 
posed, yielding th? pyrosulphalc: 

2NaHS0, - Na.,S,(). + H., 0 . 

• 4 * * * ' •» 

Water decomposes thfc salt partly into the normal sulphate and 

free acid. I;or the action of aifhydrous alcohol on the salt, see 

Duller and Dunnicliff. 1 • 

(/>) The monohy&rate, Nall SO,, ILO, forms large transparent 
crystals of llic monoclinic*system. 

3. Monosodium Trihydrogen Disulphate .—For information as 
to the existence of this and other acid sodhm sulphates, 
reference may be made to Kendall and Landon. 2 

4. Sodium pyrosulphalc , 

SO, - ONa 
Na.S.O,-- 0 

SO,-ONa 

remains behind on heating sodium chloride with sulphuric 
anhydride: 

jNaCI + 4SO., - Na.S., 0 . + S, 0 5 C!,, 

ancFon igniting the acid sulphate (of. No. 2); it also separates 
albngjwith the latter from a solution of sulphate in fuming 
oil of vitriol; it may also be precipitated from the fuming oil of 
vitriol of trade (in which it occasionally occurs) by means of 
boiling nitric acid, aqua regia, chlorine, ether, i»r alcohol. It 
proba(ilv also occurs in ordinary fufnaced salfcake. Exposed to »* 
bright red heat, it splits up into neutral sulphate apd sulphuric 
anhydride, according to the equation Na 2 S 2 O r = NajS 0 4 -|-S 0 j; 
this is the cause, at least partly, of the thick white vapours which 
hot calcined saltcake emits on being drawn out of the furnace. 

1 ’. Pascalhas studied the system sodium sulphate-sulphuric 
acid-water, at temperatures between —45° and 2 i<j° C., defining 
the conditions of existence in contact with solution of the 
following solid phases :—Ice, NajSO,; NajS 0 4 , ioH, 0 , NajSO,, 

' Trans. Chan. Soc., 1920, U 7 , 649. 

1 J. Amtr. Chan . Soc., 1920, 42 , 2131. 

a Comptcs rend., 1917, 194 , 628-630. 
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NaHSO,; NaHS 0 4 , H s O* NaHS 0 4 , NaHS 0 4 , tf,S 0 4 ,15 H s O, 
ind NaHS 0 4 , H s SQ 4 . Th<j conditions of existence of the hydrate, 
NajSO,, 7H,0, are less clearly defined, whilst some evidence 
was obtained of the existence of the. compounds 4 Na„SO (1 
?NaHS 0 4 and tf,S 0 4 , 2NaHS0 4 . From the data afforded by 
his diagram, thc'author proceeds to tho discussion of the results 
of cooling nitre-cake, and of crystallising jolutions of bisulphate 
in water. By pouring fused njjre-cake into water and allowing 
to cool so that crystals of NaHS 0 4 , Na 2 S 0 4 separate, it would 
be possible to obtain a mother-liquor richer in free acid and 
with a relatively low content of normal sulphate. The acid 
sulphates and pyrosulphatc of sodium have been Examined by 
]. D'Ans, 1 who determined the solubility isotherm of the 
system S 0 3 — H s O— Na 2 S 0 4 at 25 0 , with the following solid 
phases in contact with the solution:—NallSO,, NaIl 3 (S 0 4 ) 2 , 
H 2 0 ; NajSO,, 4 5 H..SO,; NallS,, 0 7 . D’Ans gives also data 
and triangular diagrams for ternary system S 0 3 —H 3 0 —NajO 
at 25 0 . 

The properties and composition of commercial salt-cake will 
be described in a later chapter. The nitre-cake of commerce 
is a mixture of normal and acid sodium sulphate in varying 
proportions, obtained as a by-product in the manufacture of 
nitric acid. 2 

Natural Occurrence of Sodium Sulphate. 

' Sodium sulphate is found in nature both in tJie anhydrous 
state as thenardite ami as the decahydrate ( mirabilite). It occurs 
in combination witji calcium sulphate (as g/anberite), as a con- 
stNIent of natural soda, dissolved in mineral waters, seawater, 
etc. In same places Glauber’s salt is obtained from these 
sources on an industrial scale. , 

Thenardite (Na 2 S 0 4 ) crystallises rhombically, in pretty large 
pointed pyramids combined into crusts; its surface is rough, its 
taste faintly saline. In the air it becomes dull by absorbing 
water. Its principal occurrence is in the rock-salt beds at 
Espartinas* near Aranjuez, also in Peru, (Tar^jiaca, etc.). 

In combination with water, sodium sulphate occurs in several 
ipeciee of minerals; with 10 mols. of water as mirabilite, 
1 Z. anorg. (Jim,, 1913, 80, J35. . • Cf. Nitric Acid volume. 
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mostly only as efflorescences and erdsts on rocks or .old walls, 
but in larger quantities at Muhlingcr^ in the /\argau, in gypsum, 
in the salt beds at Hallstadt ahd Aussce. Other species, con¬ 
taining ipagncsia, are feussin , loeweite, and blocdite (from Ischl). 

lei the Ebro valley, especially near Lodosa^-some years ago 
large beds of hydrated etodium sulphate were’ found, as glassy 
Payers from about 2 fcqt up fo several yards in thickness, between 
beds of clay and gypsum. Sinylar beds have been found at 
Calatayud add Corvora, in Catalonia, near Santander, in Old 
Castile, and other places, fhesc beds arc principally worked 
at Lodosa, Alcanadra, and Andosilla, and also at Calmena/ de 
Orcja, in the province of Madrid. This Spanish sulphate is 
quite free from iron, and is consequently very well adapted for. 
glass-making; but most of the English consumers have given 
up its use again, owing to its variable quality. 

An enormous bed of thenarditc, containing 97 per cent, 
sodium sulphate, was found at Castellar, near Villarubia de 
Santiago, Toledo, and has been already worked to some extent. 
It forms a layer 33 feet thick over the rock-salt, and the 
quantity already proved amounts to 2 million tons. It con¬ 
tains some iron, viz., 0 21 per cent. Fe»0 ;l +A1 2 0 3 , but this is 
usable for ordinary glass. 1 

Other occurrences of more or less hydrated sulphate are :— 
in Hungary, Switzerland, Italy, France (St Rambert), as exan- 
Mfi/us^with 20 per cent, water (a volcanic product of Vesuvius), 
in a cave,rn at Kstilua, on the island of Hawaii; as an efflores¬ 
cence on the Siberian and Caucasian steppes, on the limestone 
below the falls of the Genesee, and on the Sweetwater River in 
the Rqcky Mountains. 

Analysis of Different Minerals of this kifni. 


; 

Mlrabilitp ! 

of St iUnitot. | 

! • 

Per witl. I 

N.i .,0 . . . 

20-0 

J : : : 

0-7 

26-0 

H<A ■ . ■ ■ 

tr.ee 

1 •II I O x . . . 

530 1 

1 


1 /. Hoc. Chtm. /nil., 1899, p. 1167. 
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Na.,SO. 

M k SOj 

CaSO, 

MnSO, 
FcS<J. 
NaCI. 
CaCl... 
MgCL 
n o 


Blooditn . 
(John). 

• 

Huussin 
• (Kpubs). 

fcSSSSl&ff ' 

(dotal). 

IVr cent. 

33-34 

36-66 

•*. 

o-33 

o-34 

o-33 

~ "" • 

• IVr cunt. a 

66-04 

3I-3S « 

•0.42 

(including salt]) 

• 

IVr wilt. # 
41-00 

35-18 

‘75 

• 


2-10 

• 


22-00 

.♦. 11 

°"33 I 

21-56 


» ibmJ °fa' e ,™Tty °fo° d ” m t “" d “ leiul "' “»« l f*«W, 
Villarubia i„ s’pa” Vfc Z IZ °< 

Havana, of Stassfurt, in the province fr’ ° f , erchtcs B adcr > in 
of it have shown P ° 1 ara P aca - etc. Analyses 


‘N%S0 4 . 
CaSO, . 
Clay 


Varango\ill« 

! (l’teani). 

j Villarubia 

J (Brognlort). 

Bcrclitcsgaijun 

(Kobull). 

IVr wuU 

50-50 1 


IVrcunt# 

51 

49 

IVr cunt. ^ 

48-78 

0-40 1 


4 *- 6 , . 

5 <-o, • 

-- -I 

• 






! Atacama j 

1 

J 

(Hay ._•«). 


lap.*- - •! 

IVr cunt. 1 

21-32 


1 ; ; 

- 

20-63 | 


SO, . . ■ ! 

0 -I 4 



57-22 . 



H. fZ', q pl“ f »Wef (iL, 

W ° rk * “ d ' V - "™ Tarap. 
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1 

I. 

11. 

III. 

IV. 






per fi*ii t. 

1 Per cent. 

Pur cent. 

Per cent. 

NA.SO, . . . 

97-5° 

46.77 

99-78 

97-48 

CaSO. . «. . 

2-od 

41-90 



Nil,CO. 



0 -T 2 


At/), . . 


0*30 



I-c/l, . . . 

• 

o-2 <; • 



II., 0 . . . ‘ . 

0-15 

5-8 4 



Insoluble (SiO.„ el< .) . 

• 

4-94 

* 

2-19 

• 

• 
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In North America very large quantities of thenardite, are 
found, c.g., near tlie VerSe River, Maricopa County, Arizona. 
Allen and Durham's analysis 1 shows 43-01 Na„ 0 ; 56-35 S 0 S 0 3 ; 
0-12 CaO; 0-02 MgO; o-oy Cl; 0-38 insoluble.. Cf. later oif 
under “Natural Soda.” 

Very frequently sodium sulphate is found along with 
natural soda (trona) and common salt—for instance, in the 
water of the lakes of the Araxes plain and the salts crystallising 
out of it, which have been studied especially by Abich.- Both 
on the surface and at the bottom of the lakes such salts are 
separated almost free from water, in Consequence of the mother- 
liquor being saturated with other salts, especially NaCl. The 
following analyses show the composition of these salts, as well 
as the pink mother-liquor, containing 30-63 per cent, of mineral 
stjfi;, and of that of some alkaline small pools in the ncighbour- 
hood,‘containing ^4-7 per cent, of mineral salts:— 








Sails at 

SaltH at 

Motlur-liquor 

Alkaline 


the Hiirfaoe 

the hottoin. 

_ 1 ... 

.sails 

0j>oolb (dry) 

» 

Per cent 

Per cent 

1 

IVr cent 

Per cent. 

Nj.,S0 4 . 

80-56 

7S.44 

lS-lS 

15-55 

N.-iXO,. 

1609 

18-42 

12-0(8 

68-9 

NaCl '. 

1-62 

i-92 

• 09-73 

15-5 

11,0 . 

o *55 

I-18 





• 




In the Russian Caucasus, near Batalpachin.sk, 16 miles from 
Barsanky railway-station, there are two lakes, containing 
solutions of nearly ^rure sodium sulphate. They have no 
outlets, and the'water coming down during the rainy season 
evaporates in summer, so that Glauber’s salt .is formed on the 

1 Fischer 1 * Jahresber, , 1882, p. 335S ’ J. firakt. Cke 9 i., xxxviii, p. 4. 
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surface; the same salt is formed in winter by the cold, m layers 
from } in. to 7 in. thick. ¥\fter drying it yield/sodium sulphate 
of 95 per cent. The inhabits* ,ts of , this district consume 
hundreds of tons of it. Gauthier calculates,the whole* contents 
of the lakes as k least 260,000 tons. 1 

The following information on .ilus Cauca-ian occurrence 
of sodium sulphate was supplied privately to Dr Lange. The 
smaller of these “lake ” (or* rather ponds) has, a surface of 
430 acres and a depth of a little over a foot; the larger a 
surface of about 2300 acres and the same dJpth as the other, one 
side sloping gently. The water contains, *f of sp. gr. M42, 
293'3 K- Na,S 0 4 , 10 JI..O, 48.34 g. NaCI and 11-35 g- MgSO, 
per litre. 1 be Glauber’s salt crystallising from it is very pure; 


it contains after drying:— 

! [ 

1 

II 

! 

ivr ti'iil. 

r»T wnt. 

N.t. J so 1 . . . ; 

98.82 | 

99 * 18 

NaCI . . . . ; 

0-72 1 

0-29 

, NjXO. . . . i 

006 

InsoluMe . . . ! 

o- 3 i 

o *33 

H ,0 . . . . j 

015 

o*i 7 


The total stock of crystallised Glauber’s salt in those tikes 
s officially estimated at 655,000 metric tons, of which *jp9,9ocf 
ops is practically obtainable. • 

During the months of June, July, and August the water 
s pumped into four large tanks, made in the clay, 430 ft. 
ong, 260 ft. wideband 8 ftldeep, and it is left there £>r two 
'ears. In summer it is concentrated by spontaneous evapora- 
ion, and in winter Glauber’s salt crystallises out. Each of 
he four tanks in the'two years produces about 4750 tons 
f Glauber’s salt. Attempts at dehydrating the salt by heating 
i iron pans and calcining gave very ugsatisfaclory results. 
Jpon Lunge’s advice the salt was exposed in open sheds during 
le sumrr^r heat, and by efflorescence yielded an almost 
nhydrous product, perfectly free ,from*,iron and containing 
8-53 per cent. N s S 0 4 , with 0-59 NaCI, immediately fit for 
late-glass making. 


1 Chem, Ind.f 1890, p. 167. 
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■ ISachmctjcw' mentions a bed of very pure Glauber's salt 
(43 per cent. N£,S 0 4 , 55 per cent. H 2 0 , 2 peV cent, impurities), 
which occurs 20 miles, east of Tiflis, 7 ft, below the ground, 
and Jias a depth of from 5 to ( io ft. 

A considerable quantity of Glauber's salt is formed in the 
Karabugas Kay, in the Caspian Sea. 3 Tljat bay has a surface of 
66 square miles; its iepth in the deepest place is only 60 ft. 
Owing to the strong evaporation, there is a constant flew of 
water through the strait connecting this bay with the Caspian 
Sea. The water of this sea contains per litre 078 g. NaCl, 0-04 
KCI, 0-05 MgCL, 070 MgS 0 4 ,o-o 8 CaS 0 4 ,0 02 CaC 0 2 , and is of 
sp. gr. 101, but the water in the centre of the bay comes up 
to 1 • 18 or 1-19. In the central part of the bay a layer of pure 
crystallised Glauber’s salt, 1 ft. thick, has been formed, the mass 
of which is estimated to be about iooo million tons. 8 

Markownikoff 4 gives further notes on native sulphate of 
soda in Russia. 

Zoleski 6 mentions several mountain lakes in Siberia from 
which sodium sulphate is obtained, and is converted at Barnaul 
into soda-ash by the Leblanc process. 

Paterno 11 describes the occurrence of mirabilileat Bompcnsieri, 
near Montcdoro, in Sicily, where a 7-ft. deep layer of it is 
wonked for sale. The'salt contains 55-68 per cent, water, and on 
.d^'tng"55' 15 to 55-25 per cent. SO.,, and is therefore very pure. 

Large deposits of sodium sulphate arc found in the lowest 
portion of lift: Carriso Plain, which extends along and within 
the north-east boundary of San Luis Obispo County, California. 7 
The lake known locally as Soda- Lake, or Salt Lake, in the 
bed o' which this salt occurs, receives the drainage from the 
Carriso Plain and the adjoining flanks of the bounding ranges, 
the t6tal catchment basin being somewhat over 525 square miles 
in extent. The lake includcs ( an area of nearly 3000 acres. It 
remains practically dry except in extraordinarily wet seasons. 
A sample of the salt collected at the surface of the lake, near 
the present evaporation plant, varies from dull to lustrous pure 
whits in colour, and,» though more or less granular, may be 

1 Chem. Zeit., 1884, p. 652. s Fischer‘s Jahresber., 1898, p. 338. 

3 Cf. also Chem. Zeit., 1903, p. 1177. 4 Fischer’s Jahresber., 1887, p. 528. 

* Chem. Ztii., 1893, p. 1695. • Liebigs Jahresber., 1880, p. 1433. 

’ Oil, Paint, and Drug Rep., 31st May 1949. 
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easily crashed between fhe fingers. An analysis of the salt, 
made in the laboratory <jf the U.S. Geologic^ Survey, shows 
it to contain 405 per cent, pf srdium oxide (Na 2 0 ), 46-12 per 
cent, of sulphuric anhydride, 1 -60 per ceV- of magnesium oxide, 
and 9-27 per oent. of chlorine.* 


ill. Hydrochloric Acid. 

Historical 

The ancients were already acquainted wifh the. cementation 
of argentiferous gold by heating it with common salt and 
copperas or alum, in which case hydrochloric acid is set free 
and comes into action. To the Arabian alchemists aqua regia 
was well known; but pure aqueous hydrochloric acid is first 
mentioned by Basilius Valentinus in the fifteenth century. At 
the end of the sixteenth century Libavius mentions its evolution 
by heating salt with clay ; Glauber in 1648 still calls it the 
dearest of all acids and the most difficult to prepare 1 He 
kept secret its preparation from salt and oil of vitriol, dis¬ 
covered by himself. He also knew hydrochloric acid gas, but 
Priestley in 1772 first collected this gas over mercury, and 
described its properties. 1 


• Properties of Hydrochloric Acia unui-imic auw,, nvi. 

• • 

Hydrochloric acid is sometimes found in nature in the 
ree state or in aqueous ablution—for instance, in volcanic 
exhalations, springs and brooks, and in the water of some 
ivers along with free sulphuric acid. In the animal body 
tydrochloric acid is stated to be present, the gastric* juice 
ontaining free acid corresponding to about 3 per cent. HQ. 
n the salivary glands of Dolium galea, also, 04 per cent. HC 1 is 
aund along with free sulphuric acid. 

Hydrochloric acid is formed synthetically from its elements 
f they are mixed in equal volumes «and exposed to the 
laylight; upon this action Bunseif and 'RoScoe’s method for 
leasuting the cjiemical action of light-rays is founded. In the 

1 .details in Rupp’s Geschichte ier Chemie , iii., p. 346. 
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direct light of the sun the two gases unite with an explosion; 
also by hcating\and by the action of the electric spark (in the 
latter case even when much dilutee^ by air), but not by the action 
platinum'sponge. 

The action of light on mixtures of chlorin,c and hydrogen 
has been more closely investigated by Gautier and Helier. 1 
They found no reaction to take place when the gases were kept 
in the dark for any length of tijne; nor wa,s any HC 1 formed 
when the gaseous mixture w^s exposed to the faint light of a 
candle. Therefore observations can be made with the mixture 
in such faint light without any danger of an explosion. 

A. Cochn and K. Stuckardt 5 have investigated the action of 
light on the gaseous systems hydrogen iodide, hydrogen bromide, > 
hydrogen chloride, and their components. The reactions were 
effected by means of a mercury lamp in both quartz and uviol 
glass apparatus. In all three cases equilibrium was reached 
from both sides. In quartz apparatus the decomposition pro¬ 
ceeds to the extent of 92-3 per cent, in the case of hydrogen 
iodide, and this is reached in ten minutes; the formation pro¬ 
ceeds to y -6 per cent In both uviol glass and ordinary glass 
there is a decomposition of too per cent, and no formation in 
the case of hydrogen iodide. With hydrogen bromide there is 
100 per cent, decomposition in quartz, 20 per cent, in uviol glass, 
arid,no decomposition in glass. The amount of formation of 
‘hydrogen bromide is zero in quartz, So per cent, in uviol glass, 
and 100 per req)i in glass. In the case of hydrogen chloride 
there is 0-42 per cent, decomposition and 99-58 per cent, 
formation in quartz and too per cent, formation with no 
dccom; osition in uviol glass and ordinary glass. In the case 
of hydrogen bromide the reaction is complete in ..four hours 
and wjth hydrogen chloride in less than five minutes. The use 
of the three types of apparatus shows the effect of the different 
spectral regions; in quartz, light down to 220 fifi is active, in 
uviol glass to 254 fi/x, and in Jena glass down to 300 fin. 

Hydrochloric acid is also formed by the action of chlorine 
on all compounds of hydrogen (except hydrofluoric acid), and 
especially on organic substances under various conditions; 

1 Comptes read., exxiv., p. 1128. 

* Z.physijt. Chew., 1916, 91, 722-744 ; J. Chem. Soc., 191,, 112, ii., 5-6. 
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also by tjie action of hydrogen, ;u, 1 espccialtf of hydrogen 
compounds on many chlorides. / 

Experiments on the forjnat- >n of HC 1 from hydrogen, 
oxygen, and chlorine under varying conditions arc described 
by Hautefeuille. and Margucrittf- 1 • 

Density .—The density at o" is o-poS, at.15° = 0-835* The 
weight of a normal litte of hydrogdn ctyoridc nas occn deter' 
mincij with great exact ness. Q. Schcucr 3 gives as mean value 
16394 g per litre. F. 1 ’. Burt and R. Whytlaw*-Gray 4 give 
1 63915 +0-00004. % 

'Heat of Formation .—The heat of formation of gaseous HC 1 
from its elements is for 363 g. 1 IC 1 = + 22 Cals, at 1*5", or +26-0 
Cals, at 2000"; that of aqueous hydrochloric acid is= 39-3 Cals, 
per gram molecule. 

Melting and Boiling-points .—Anhydrous hydrogen chloride 
at the ordinary temperature is a colourless gas, containing 
274 per cent, by weight of II and 97-26 per cent. Cl. By cold 
and pressure it is condensed into a liquid which docs not 
immediately reuden blue litmus-paper. The vapour pressure 
if the liquid at f is as follows :— 


r 

J Al IlllW|iln'tes 

e 

• 

AtmoHplH-r*-#. 

4 

29-8 

33-4 9 

58-«5 

9-25 

33-9 

39-4 

M>-95 • 

13* 

37-75 

44.S 

75-20 1 

I8-I 

41 -.So 

48-0 

« 80-&0 

22-0 

45-75 

.1 49-4 

• 84-75 • 

! 2^*75 

! ___. . 

! $1-00 

1 ] 5 °' 56 i 

85*3.4 


. • 

The melting-point of hydrochloric acid is -111-4° and the 
tojling-poitrt -83-i°(Ladcnburgand Kriigel); -82 9°(M‘lntosh 
nd Steele). The critical temperature t, — + 51-40' ±0-14° and 
he critical pressure,/, =81-55 ±0-15 atmos/ 1 

Specific Heat .—The specific heat of the gas at constant 
iressure (22° to 214°) is o 1852, and at constant veflume 0175, . 
aking watei»= 1 (Regnault). Cf. M. Pier. 8 

* 9 

1 Comptes rend., cix., p. 641 ; J. Soc. Chem. /nd., 1890, p. 184. • 

2 Ansdell, Chen,. News, s0, 75. ** Comptes pend., 1909, 140 , 599. 

* Tuans. Faraday Soc., 1911, 7 . 30. ‘ 

5 E. Cardoso and A. F. O. Germann,/ Chim. Phys., 1912,10, 517. - 

8 Z.pkysi/.tChem., 1909, 68, 759. . 
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Refractive \>idex. —The refractive* index for the D line at 
N.T.P. is i ooo\[7. . 

Decompositions. —Hydrochloric, acid is decomposed by elec¬ 
trolysis,‘the dry gas.-only to a small extent. It is also de- 
, composed by long-continued electric or induefion sparks, and 
partially also by heating to 1500° C. Bodenstein and Geiger 1 
found that at ordinary temperatures the dissociation is only 
66x 10' 16 percent., at iooo 0 = 0p02 percent,and at 2000° =08 
per cent, Aqueous hydrochloric acid, exposed to sunlight in a 
closed bottle for a length of time, gives off free chlorine, which 
can be detected b)» gold loaf after a few hours. 

Hydrochlorio Acid Solution. 

Hydrochloric acid has great affinity for water, and con¬ 
denses with the aqueous vapour of atmospheric air into thick 
fumes; water absorbs it with considerable evolution of heat; 
and even borax, magnesium sulphate, or sodium sulphate, 
containing water of crystallisation, absorb it from gaseous 
mixtures. 

Aqueous hydrochloric acid is colourless, unless it contains 
impurities; a yellow colour may be caused by ferric chloride, 
free chlorine, or organic substances. At the freezing-point of 
mprjury it solidifies’ to a butter-like mass. A concentrated 
|ol^itio» fumes in the air. According to H. Dcicke, 1 cc. of 
water "at f and 7,60 mm. pressure absorbs a number of culjic 
centimetris of 1 K'l gas, at the same temperature and pressure, 
shown in the following table at a ; the resulting^ aqueous acid 
has the specific gravity shown at %, and contains c per cent, 
of HCT 


. r 

a voIh. 

• % 

c per cent. 

HC1. 



k 


0 

525-2 

1-2257 

45-148 

4* 

• 494-7 

1-2265 

44-361 

,S 

4*0-3 

02185 

43.828 

12 

471-3 

1-2148 

43-277 

14 

-U>2. 4 

1.2074 

42-82^’ 

1 18 

$*’2 

1.2064 

42-344 

18.25 

450-7 

1-2056 

42-283 

23 

4350 

1.2014 

4 ! -536 


1 pkysik. Ckei/t., 1904, IB, 70, 
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Effect.of Pressure on Solubility.— The solubtfty of HC 1 at a 
fixed temperature depend* on the gaseous pres/ire. According 
to Roscoe and Dittmar, 1 i .gram of water at o° absorbs G 


grammes HC 1 at a total pressure P, as Shown by this'table: 



grnw. 

o-8oo 

0^17 

0-831 

0-844 

0-856 

0.S69 

0-882 

0-8i); 


Effect of Temperature on Solubility .—For a total pressure of 
760 mm. the same authors give a table showing the change in 
the solubility of I 1 C 1 in water with varying temperature. 


I g- 

of water absorbs at 760 

Orm. 

HC 1 . 

mm. 

pressure:— 

Orm. 

IIC 1 . 

At 

0" c. . 

. 0-825 

At 32 0 C. . 

0665 

a 

4° 

0-804 


36°.. 

O.649 

a 

8° ,, 

• 0783 


4 ° „ 

■ 0-633 

tt 

12° „ 

0-762 

„ 

44 “ <t.‘ 

0-618 

a 

16° „ 

. 0-742 

„ 

48 ° • 

0-603 

a 

20° „ 

0-721 


52 " >. 

. 0-589 

• 

24 ° „ 

. 0-701 


56 ° .. ' 

■ 9-575 

it 

28° „ 

0-682 

» 

60° „ 

0-561 


Concentrated aqueous hydrochloric acid on heating 1 
both gas and water, and becomes weaker on boiling, till, accord¬ 
ing to Bineau, its specific gravity has attained 1101 and its 
composition is 2017 pc- cent. HCl+79 82 per cent. H s 0 , which 
exactly corresponds to the formula HC 1 , 8H 2 0 ; it then boils at 
no 0 C., and distils without any change. On the other hand, 
more dilute acid on boiling loses more wa'ter than gas, till it 
reaches exactly the same concentration. Roscoe and Dittmar 
found that for every fixed pressure there is a constant-bailing 
mixture. The constant-boiling mixture at 760 mm. contains 
20-24 per cent. HC 1 , but at a lower pressure the acid distilling 

1 Ann. Chem. t’haym., cxii., p. 327. 
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unchanged is vronger, whilst at a higher pressure it is weaker, 
as shown by thc^following table:— 


Gaseous* 

Iirijgsurt*. 

IIC 1 . 

Gaseous 

jnessure 

i> 

1101. 

Gaseous 

pressure. 

HCl. 

Metres. 

I’er Cent. 

Metres. 

I’er cent. 

Metres. 

Per cent. 

0-05 

23-2 

* o-8 

20*2 

1-7 

is-8 

OI 

22-y 

o*<) 

. 19*9 

1-8 

18.7 

0*2 

. 22-3 

1-0 

197 

‘ 1*9 

18*6 

o *3 

21-8 

I-I e 

19-5 

2*0 

18-5 

0.4 

21-4 

■■2 

19-4 

2-1 

18-4 

o -5 

21.1 1 

1*3 

H >3 

2-2 

18.3 

0-6 

207 • 


ig-i 

2-3 

18-2 

07 

• 20-4 

1 5 

19-0 


l8*I 

07(3 

20-24 

2 •(» 

18-9 


i8*o 


According to llincau, when strong acid is exposed to the 
...r, it gradually loses liCl till it reaches the sp. gr. M28 at 
15° C.; it then contains 25 2 per cent. MCI, corresponding to the 
formula 1 IC 1 , 6 H ; 0 , and boils at iob^C. with a loss of gas. 
Here also the temperature plays an important part. On pass¬ 
ing a stream of air through hydrochloric acid, part of the latter 
is evaporated; for each temperature an acid of a definite 
composition remains behind, which then evaporates unchanged ; 
stronger or weaker acid changes its composition, until that 
pfliift has been reached which corresponds to the temperature 
Hi tjuostion, as indicated by the following table (by Roscoe and 
Dittmar) ;— ' 


Temp., 

HCl, 

Temp., i 

HCl, 

1 Temp., . 

nci, 

degrees. 

V 

j«er cent. j 

1 

decrees. 

pAr cent. 

tH'rres 

per cent. 

0 

25-0 J 

1 

35 

23-9 

70 

* 22-6 

5 . 

24-w 1 

•1° I 

23-8 

75 

22-3 

10 

24-7 

45 1 

234, v 

80 

22*0 

>5 

24.G 

50 I 

23*4 

»5 

21-7 

20 

24-4 

55 ' 

23*2 

90 

21-4 

25 

24-3 

<» 1 

230 

95 

21-1 

! 30 

24- 

65 1 

22-S 

100 

A 

207 


Iftnce the acid distilling at a certain pressure without 
change, that is, at a constant temperature, is identical with 
the acid which remains unchanged when a-current of dry 
air is passer! through hydrochloric acid at the same'tempcrature 
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.nd at ojdinary pressure? This is hown hy/the following 
able:— 




• 


"" 1 

Treasure, 

metre*. 

Boiling-point, | 
degrees. 

iln, 
per c^iit. 

Temperature of j 
tin* air-current, 

degsfce*. 1 

*ik:i, | 

percent. 

--— 

f _ . ] 



1 




• 4 

j 

0*10 

i 6l to 62 # 

22*8 

62 

22*9 • 

0*21 

i 7 ti „ 77 

22*1 

# 77 

22*2 C 

0-30 

! «4 .. 85 

21-7 i 

«5 1 

2J.7 

c* 3 « 

'A 

*i -3 ! 

91 ! 

21.4 j 

0.49 

97 

20.9 # 


2 M 

0*62 

103 

20*(i 

1 

! 

“•- 


t 

• 

1 



Furthc r investigations on the conditions of the equilibrium 
between the solid, liquid, and gaseous states of hydrochloric 
acid have been made by Roozeboom 1 and by R, H. Warder 2 

A solid dihydrate , IIC'l, 2H..O, with 50-35 per cent. HQ, 
crystallises at - 17-7". bickering 3 found also a trihydrate , with 
40-33 per cent, HQ, crystallising at -24-4°. F. F. Rupert 1 has 
shown that a inonohydrate also exists. It has a density of 
1-48 and freezing-point of -15-35° with a vapour pressure of 
approximately 17-3 atmos. With greater dilution the freezing- 
point sinks lower and lower; acid containing 30-3 per cent, 
does not crystallise even at —83°. With only 23-9 per cent. 
HC 1 crystallisation sets in at -79", but tljis mostly consists of 
water; from this point the freezing-point gradually rises again. 

Specific Gravities of Hydrochloric Acid. —Tables of densities-' 
aro given by Davy, Kirwan, Dalton, and l*re; the last of 
these was frequently’ used in England, although it had 
been rendered obsolete by that of J. Kolb, c reprinted in 
prior editions of ‘this wortc. This table has now,, been 
replaced byj that worked out by Lunge in conjunction with 
Marchlewski. 8 In making use of this (p. 44), we must, of course, 
recollect that it refers t£ chemically pure hydrochloric acid, and 
that commercial acids will always contain less HC 1 than 
indicated by the table for any given specific gravity. • “ Roaster- 
acid" often contains several per cent, sulphuric acid besides 
solid matter. The table in question refers to a-temperature of 

1 Z . physik. Ch. m ., 1887, p. 365, and 1888, p. 4,9. * 

! Ch$m. News , 1891, Ixiii., p. 17. 

1 Ber., 1893, P- * 79 - 1 /. Amer . Chcm . Soc., 4909, 81 , 85!. 

1 Comptes rtnd. t 74 , 337. “ angew. Chem., 1891, p. 133. 
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15°; the chaiVes of the specific gravity brought about by highei 
or lower temperatures are indicatedcin Table II. on p. 45. 

I. Specific Gravity op' Hydrochlbric Acid at 15° C. compared 
with Waiter at 4° and reduced to Vacuum. 

.(Lunge and Marchlewski.) 


100 parts by weight correspond 


Degm*N 

Twaddeli. 

Specific 

gravity at 
16 * 

4 ' 

in vacuo. 

j to parts by^ weight of* 

1 litre 

1 cubic foot 
contains 
lb. of HC 1 . 

e 1101. 

-Ami of 
spec. grav. 

1 *1426 = 28 *f»* 
Twaddeli. 

Acid of 
spec. grav. 

1 * 162 = 80 4 * 
Twaddell. 

contains 

grins. 

HC 1 . 

0 

1-000 

0*16 

o -57 

0*53 

1 

1*6 

0*10 

I 

1*005 

1-15 

4-08 

3-84 

12 

0-75 

2 

1*010 

2-14 

7*6o 

7-14 

22 

1-37 

3 

1*015 

3*12 

II-8o 

10*41 

32 

1 1*99 

4 

1*020 

4*13 

14-67 

13*79 

42 

! 2*62 

5 

1-025 

5-15 

18-30 

17*19 

53 

! 3*30 

6 

1.030 

6.15 

21-85 

20-53 

94 

3*99 

7 

1-035 

7-15 

25-40 

23-87 

74 

4*61 

8 

I.040 

8-16 

28-99 

27.24 

»5 

5 * 3 ° 

9 

1045 

9*16 

32-55 

30-58 

96 

5 - 9 » 

10 

1*050 

10-17 

36-14 

33*95 

107 

6-67 

11 

I-° 5 S 

11*18 

39-73 

37-33 

118 

7*35 

12 

I *O60 

12*19 

43*32 

40-70 

129 

8*04 

u 

I.065 

13*19 

46-87 

44.04 

141 

8.79 

M 

1*070 

14-17 

50-35 

47-31 

152 

9.48 

15 

1 075 

.'. 5 -I 6 

53-87 

50-62 

163 

IO-l6 


1080 

10*15 

57-39 

53-92 

j 74 

10-85 

17 

1-085 

17*13 

60-87 

57-19 

186 

ii *59 

- ‘V 

1090 

l8*II 

64-35 

60.47 

197 

12-28 

19 

1*095 

1906 

67-73 

63-64 

209 

13*03 

20 

- 1*100 

20-01 

7 i*n 

66-81 

220 

13*71 

21 

1*105 

20.97 

74-52 

70-01 

232 

14-46 

22 

1*110 

21.92 

77-89 

73-19 

243 

15*15 

23 

MIS 

22-86 

81 - 23 . 

76.32 

255 

15*90 


1.120 

23-82 

84-64* 

79-53 * 

267 

16-65 

*5 

1.125 

24-78 

8806 

82-74 

278 

17-33 

26 

M 3 © 

25-75 

91-50 

85-97 

291 

I8-I4 

27 

I-I 35 

26-70 

94-88 

89-15 

303 

18-89 

28i 

I -140 

27-66 

98-29 

-^ 2*35 

315 

19-64 

29 

1-145 ! 

28-61 

101-67 

95-52 

328 

20-45 

30 

I«I $0 

29-57 

103-08 

98-73 

340 

21-20 

31 

M 55 

30-55 

108-58 i 

102*00 

353 

22*01 

32 

r-i6o 

. 31*52 

112-01 

105.24 

366 

22-82 

33 

1.165 

32.49 

II5.46 | 

IO8.48 

379 

23-63 

34 

1*170 

33-46 

118-91 j 

III.7I 

39* 

24-44 

35 

M 75 -. 

34-42 

122-32 [ 

114-92 

404 - 

25*19 

3 i 

i*i8o 

35-39 

125-76 1 

I l8.l6 

418 

2606 

37 

1-185 , 

*P- 3 i 

** 129*03 

121-23 

430 

26-81 

38 

i* 190 

37*23 

132-30 

I24.30 

443 

2762 

39 

1-195 

38.16 

135-61 

127.41 ! 

456 

28-43 

40 

1*200 

39-11 

138-98 

V 

130-58 j 

• 469 

29-24 
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II. Influence of Temperature on the Specific mravity oj 
Hydrochloric Acid. 

The column a shows the specific gravity at 1 \ ; the tolumns 

• #4 

show the amoynts to be added or subtracted to correct the 


specific gravity to the temperature indicated. * 



. A 

A . 

A 

. A 

A 

A 

A 


0 “ 

10- 

20* 

BO* 

• 

40 * 

no* 

70 * 

i-i6 ® 

+ 0008 

+ 0-003 

- 0-003 

- 0-008 

- 0 o?3 

- 0-018 

- 0-022 

1-150 

0-008 

0-003 

0-003 

0-008 *1 

0-013* 

0-0J8 

0022 

1-140 

o-cj.s 

0-003 

0-003 

0-008 

0-013 

0-017 

0-022 

1-130 

0-008 

0-003 

0-003 

0008 

0-013 

0018 

0*021 

1-120 

0008 

0003 

0-003 

0008 

0-012 

0017 

0-020 

I-IIO 

0-008 

0-003 

0-003 

0008 

0-011 

0016 

0021 

I-IOO 

0-008 

0-003 

0-003 

0-008 

0-012 

0016 

0021 

I-090 

0-008 

0-003 

0-003 

0*008 

0013 

0-017 

0020 

IO80 

0008 

0-003 

0-003 

0-008 

0-012 

o-o 16 

0021 

1-070 

0-008 

0-003 

0-003 

0-007 

O-OII 

0-015 

0020 

l-060 

o-ooS 

0-003 

0-003 

0-007 

0-012 

o-oi 6 

0021 

1 -050 j o-ooS 

0-003 

0-003 

0-007 

0-012 

0-017 

0022 

1040! 0-008 

0-003 

0-003 

0-007 

0-013 

o-oi 8 

0022 

1 1-030 

0008 

0-003 

0003 

0-008 

0-013 

0018 

0022 

j 1-020 

0-008 

0-003 

0-003 

0-008 

0013 

o-oi 8 

0022 

1-010 

j 0-008 

1 

0-003 

0-003 

0-008 

0-013 

0-018 

0022 


Another table for the same purpose, the arrangement of 
which may be preferred by some reader.?*is given in LungaSs 
Technical Chemists' Handbook, 1916, p. 153. " 

,Thc specific heats of hydrochloric acid of wrious concentra¬ 
tions are given as follows by Hammerl m * 


HC 1 , * 
per cent. 

# Hpeclflc • 
neat. 

HC 1 , 
per cent. 

--y— 

U 

X 

• 

32-37 

0-6260 

| 18-30 

0-7502 [ 

28-18 

0 -&Q 2 

! 12-50 

0-8132 j* 

25-37 

06797 

6-53 

0-8983 

23-82 

0-6895 

1 • 4-8 

0-9310 


Electrolysps of Hydrochloric Acid Solution .—Hydrochloric 
acid is an excellent conductor and on clectrolysis*of concentrated 
solutions yields hydrogen and chlorine. Recording to E. 
Doumer 2 , when a solution of hydrogen chloride is electrolysed, 
the theoretical weight of hydrogen is evolved at -the negative 
1 CompU: tend., lxxxix., p. 902. 3 * Compile rind., 1908,1*8, 339. 
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electrode and V mixture of chlorine and oxygen at the positive 
electrode. The proportion of oxygen increases in weaker 
solutions of acid, reaching as much as one-quarter of the whole. 
Thi| liberation of pxj'gcn cannot be attributed to the secondary 
action of the chlorine formed on the solvent water; on the 
.contrary the chlorine combines with a certain amount of the 
oxygen forming oxides. When silver or mercury anodes are 
employed, which fix the chlorine, a larger volume of oxygen 
is obtained than with platinum anodes. Not only the hydro¬ 
chloric acid but alfio the water is decomposed clectrolytically. 
For a criticism of som6 points in Doumcr’s paper, see T. 
Guilloz. 1 

F. II. Jeffery - electrolysed hydrochloric acid solution with 
a copper anode in an atmosphere of nitrogen. He found that 
the copper went into solution as complex anions, corresponding, 
in presence of excess of hydrochloric acirl, to the compound 
HjCuClj. Black metallic copper was deposited from disintegra¬ 
tion of the anode, and a precipitate of cuprous chloride was 
formed, no chlorine being evolved during the electrolysis. 

The migration ratio of dilute solutions of hydrochloric acid 
has been determined by C. Chittock 3 who found that the 
transport ratio of the Cl ion increases from 0-171 at a concentra¬ 
tion of 0-001405 equivalents per litre to 0-275 at a concentration 
._af.0-0<?0l006. 

Chemical Reactions of Hydrochloric Acid. 

Hydrochloric is a very strong acid, which even in a very 
highly diluted state still reddens blue litm'us-paper, and has a 
strongly acid taste. It dissolves most metallic oxides, forming 
chlorides, also many metals with evolution of hydrogen, 
especially all metals soluble in dilute sulphuric acid. Lead 
also, which is scarcely at all attacked by dilute sulphuric acid, 
is quickly corroded and dissolved by somewhat concentrated 
and hot hydrochloric acirl; accordingly, lead vessels, pipes, etc., 
are to be avoided as ( much as possible in its condensation or 
employment. 

Of great importance is the action exerted by hydrpchloric 

‘ Comptes fend., 1908, 146 , 581. * Proc. Faraday Soc., Oct 1915. 

- 3 Proc. Camb. Phil, Soc.. rooa. 15 . ce. 
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cid upon- compounds very rich in oxygen, viz.fupon the pcr- 
ixides of manganese and ifcad, chromic acid anti its salts, nitric 
cid, etc. In all these cases, teut \ some only on heating, part 
if the hydrochloric acid is oxidised to f'cfc chlorine and water. 
Jpon this readtjon is founded tl e industrial preparation of 
hlorine, as well as the solvent action "of aqTia regia (/>, of a 
nixturc of nitric and hydrochloric acids? upon gold, platinum* 
itc. -Hydrochloric «cid Iso cupels most other acids from their 
alts. Many natural silicates, especially th< zeolites, and also 
•rtijkially prepared ones (slags), arc decomjwscd by digestion 
nth H Cl with formation of gelatinous*silica, the soluble silicates 
if potassium and sodium being of course the most easily de¬ 
composed. Phosphoric, boric, carbonic, etc., acids are frequently 
Hberated by hydrochloric acid. Thomsen has shown, by thermo. 
Chemical experiments, that in dilute solutions hydrochloric acid 
possesses twice the affinity of sulphuric acid, i.e., in a mixture 
bf one equivalent of hydrochloric acid, one equivalent of 
lulphuric and one equivalent of a base, the hydrochloric acid 
neutralises two-thirds of the base and the sulphuric acid one- 
Biird. Although hydrochloric acid is a considerably stronger 
(tcid than sulphuric acid, most chlorides are decomposed readily 
P n fh-ntlc warming with concentrated sulphuric acid, yielding 
pulphates and hydrochloric acid. This iif*to be expected fgrai 
the Law of Mass Action, as under the conditions «f the 
rx^eriment the volatile hydrochloric acid escapes constant!^ 
from the mixture and consequently the reaction ‘proceeds 
n this direction. The reaction can in many cases (possibly 
n all) be reversed .by keeping up a sufficient partial pressure 
tf HC1. • 

Boussingault 1 has made direct experiments on the dc- 
:omposition of sulphate^by HCI at a higher temperature.* But 
nost conclusive are the results obtained by Hensgcn 2 from the 
iction of dry gaseous HC 1 upon different sulphates. Potassium 
iulphate is not sensibly decomposed cither* in the "cold or at - 
00°; but a fittle below a dark red heat, almost a quantitative 
decomposiflon into chloride and free swlphurfc acid, set* in. 
Anhydrous sodium sulphate behavts in *tho same way; but 
crystallised sodium sulphate (Na 2 SO., io H 2 0 ) is completely 

1 Comfits r>nj., lxxviii., p.^593. 1 Ber., ix^p. 1671. 
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converted into NaCl by a current of hydrochloric, acid gas 
at ordinary temperatures, and even ' at —17° C. It first melts 
in its water of crystallisation; and afterwards the temperature 
rises to 53” or 55 0 C.* Lithium sulphate was also decomposed 
completely, the sulphates of barium, strontium, and calcium 
nearly but not quite ’ completely. Cupric sulphate, either 
anhydrous or emit ;inih b only one molecule of ILO, with dry HC1, 
teems to form an addition-product of the formula CuS 0 4 , ni l Cl, 
which in dry air over quicklime parts with all its acid again, but 
when heated in a current of air or oxygen gives off free chlorine 
ind water;,this probably plays an important part in Deacon’s 
thlorine process. 

It should be remarked that in these experiments the sul- 
ihatcs were exposed to a large excess of hydrochloric acid in 
in atmosphere of this gas. The reaction therefore proceeds 
liffercntly to its course under normal conditions. When a 
:hloride, say NaCl, is brought into contact with sulphuric acid, 
he HC 1 is, at least partly, liberated, and on raising the 
emperaturc can be completely expelled, because after the free 
IC 1 is expelled the H 2 S 0 4 can decompose a fresh portion of 
he chloride. 

With sulphur trioxide, hydrochloric acid gas yields chloro- 
iulphuric acid, a strongly fuming liquid. 

Hydrochloric acid shows antiseptic properties in quantities of 
ess tfnan 0-5 per cent. 1 It acts as a strong poison on plants, and 
s therefore a,\n;ry noxious part of the chimney gases escaping 
rom chemical works. ( Cf. p. 226.) 

The action of hydrochloric aiid on the animal organism 
las been studied by Lehmann. 2 Even with only 001 per cent. 
HC 1 in the air, irritation was produced; with 01 to 015 per 
:ent., animals died in a few houis. strong man found air 
with 0 004 per cent. HC 1 unbearable. In no case should factory 
lir ever contain more than 0 01 per cent. HC1. 

Non-aqUeous Solutions .—Hydrochloric acid is readily soluble " 
n most alcohols; in benzene and its homologues; and also 
n ether, acetdne, and many other solvents. The 'solution of 
rydrochloric acid in absolutely anhydrous solutions is usually 

1 Sieber, Liebig’s Jahresber ., 1879, p. 1020. 

* Arch. Hygiene, 1886^ p. 16. > 
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leas -active chemicalfy than the aqueous ^solution, and 
jit has even been stated tlmt an anhydrous ethereal solution 
will not act on metallic sot,.am. The presence of a trace 
of water causes the non-aqueous solutions to react much 
like the aqueous'solutions. 

Hydrochloric acid is readily absoi’bcd by charcoal, the 
amount depending on the nature of the chafcoal; wood-charcoal 
was found to absorb.Jxrnt 1C0 times its own volume of the gas. 



CHANTER II 


THE RAW MATKKj^ALS AND PRODUCTS OF THE MANUFACTURE 
OF S^I.TCAMi ANA H\DKOCIILORIC ACID AND TIIEIR 
ANALYSIS 

Only a small quantity of sodium sulphate is prepared in the 
crystallised state as Glauber’s salt, principally that intended fur 
freezing-mixtures and pharmaceutical purposes; the rest is 
made as calcined sulphate or “saltcake," one portion of it being 
used as such (for instance, in glass-making), another portion 
being at once converted into alkali. The proportions have 
changed very much in the course of time, and very little is 
now converted into alkali. 

The different processes for preparing sulphate of soda may 
be divided into tho'je in which it is the principal product, and 
Tffixsc. in which it is a by-product. As the principal product, 
“iftaKy all the saltcake is obtained by decomposing common salt 
with sulphu{jr B atid, or common salt with sulphurous acid in the 
presence of air (according to Longmaid, Hargreaves, etc.). We 
shall treat of the latter processes later on; at*present we will 
turns our attention to the ordinary process of decomposing 
common salt by sulphuric acid. ■ 

Jhi s is not merely the process which up to this day furnishes 
the largest portion of all sodium sulphate, but at the same time 
is the oldest, viz., that employed by Glauber himself. He and 
his successors obtained sodium sulphate in the first instance as- 
a by-product in making hydrochloric acid in glass retorts. But 
whjn the manufacture of artificial soda, at the *end of the 
eighteenth century, received a sudden impetus, that of sulphate 
had to be increased in the same proportion; and tjie time 
came when- muriatic acid became a by-product, and in many 
cases was altogether lost—a ’state of things wltich probably 
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does not exist anywhere at the pres, nt day. yeblanc himself 
prepared the sulphate wHich served as a starting-point for 
his soda-process by decomposing common salt with sjilphuric 
acid. _ . . 0 

As the scale, of manufacture increased the form of the 
apparatus was change^. At first jron cylinders were used, 
where the muriatic acid had to be condensed, or ■ pen lead dishc; 
where*this was not.the case ; Hire latter were frequently heated 
by the waste fire of the soda-furnaccft, and were usually combined 
witl\a calcining-furnace. Hut only when alkali-manufacture had 
gained a firm footing in England, anfl began* to be carried on 
there on a much larger scale than on the Continent, was 
Apparatus adopted suitable for producing large quantities. The 
first in England to make saltcake by decomposing common 
salt with sulphuric acid was William Losh, who had studied 
chemistry in France, and, having returned to his native country 
in'the beginning of this century, erected a chemical works at 
Walkcr-on-Tync. A weak-brine spring existing there first 
gave occasion to this. In 1812 or 1815 lead chambers were 
erected, the product of which was partly sold as oil of vitriol, 
partly employed for decomposing common salt obtained from 
various sources, 1 he first furnaces for this purpose were made 
of lead and lined with bricks; 2 cwt. of sait were introduced^ 
a time, and the vitriol was slowly poured in from a tar bjH' 
through a hole in the furnace-roof. The muriatic acid es!aped 
into the air by a short chimney. After three (wars a plug in 
the side of the lead pan was drawn out and the semi-liquid 
mass was run into a.lcad vessel, where it solidified into a hard 
cake, which was broken up and calcined to finished salffcake. 
The lead fiTrnacc, which stood a very short time, was in 1828 
replaced by a brick furnace, and in 1840 by cast-iron decompos¬ 
ing pans. 1 A second factory of 4 similar kind arose at Blyth 
, in 1822, but 1823 was the real year of birth of the manufacture 
of saltcake and carbonate of soda on a large scale. In that 
year the endtmous salt-duty, which had prevented any great 
extension, was taken off, and James Muspratt erected a faotory 
at Liverpool, in which common silt was decomposed with 
sulphuric acid, and Leblanc’s process was carried out completely. 

• 

Clapham, Soda ’Manufacture on the Tyne, p. 14." 
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In the same ^ear Cookson & Co. (now the Jarrow Chemical 
Company), started operations at Sbuth Shields; and in 1827 
a number of works were erected both in Lancashire and 
on the Tyne. ' 

Except in very few' cases, viz., the cylinder furnaces of the 
% oldest and the mechanical, furnaces of tjie most recent time, the 
operation of making saltcakc consists of two stages. The common 
salt is at once brought together with tho whole quantity of 
sulphuric acid required—thrt-c is, ilLSO, to 2NaCl, which ought 
to yield simply Njc,S 0 4 and 2HCI; but, owing to the tendency 
of sulphuric acid to form ‘acid salts, the decomposition proceeds 
in stages. The usual representation of the process is that at 
first the following reaction takes place:— 

I. NaCl + H,SO, = NaHSO, + HC 1 

Common Sulphuric Acid sodium Hydrochloric 

sail. acid. sulphate. acid. 

and that then a second molecule of common salt comes into 
play, and the following reaction sets in— 

II. NaHSO, + NaCl - Na„SO, + HC1. 

Acid sodmtu Common 8odlam Hydrochloric 

sulphate. salt sulphate. acid. 

r~ 

lfke.se two reactions, however, arc not sharply separated. On 
•rtfcc ,j\Vhole, however, at a comparatively low temperature 
sulphuriy acid and common salt, even when the latter 4 ' n 
excess, act upon each other principally according to the first 
equation, whilst at a higher temperature the excess of common 
salt ( acts upon the acid sodium sulphatte according to the 
second equation. In other words, the decomposition of 
common salt becomes complete only at a higher temperature, 
viz.,‘at a pretty strong red heat v The results obtained in 
practice do not agree with «the above equations. According 
to the first equation, only 50 per cent, of all the hydrochloric 
acid ought to be given off in the technical first stage, which 
is going on in the decomposing-pan, but it is feynd that 66 
to )o per cent, of (he HC1 is given off, although nothing like 
a reddieat is attained there. 

According to Volney, 1 the first stage in the action of concen- 
1 J. Amer. Ch'/m. Soct, 88 , 820. 
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trated sulphuric acid on soclium chloride at 18“ C^s represented 
by this equation :— • 

2NaCl + 2H,S0 4 = NdiH (S 0 4 ), +J^CI + NaCl. . 

When this is over, no more gas is given off ill the cold. (Jnly 
on heating docs the second stage et in as follows:— 

• • 

NaH s (S 0 4 ) 4 + NaCl = aNaHSO, + HU, 

• • • 
and the temperature no. rises to about 120” C. * 

Thus by the action of 'iquid sulphuric acid on solid common 
salt there is always formed, first, sodit*m sulphate (whether acid 
or neutral), which is solid, and secondly, hydrogen chloride, 
which escapes as a gas and has to be condensed into a liquid, 
along with aqueous vapour coming from the water always 
present in sulphuric acid. The strongest sulphuric acid is 
never employed, but acid of at most 144“ Tw. = 78 or 80 per 
cent. H,,S 0 4 and 22 to 20 per cent, of H 2 0 . The common salt 
also contains more or less water. The water is mostly not 
given off in the first stage of the operation (that is, in the pan) 
but in the second (the calcining-furnace or roaster); when 
employing dilute sulphuric acid, however, a good deal of water 
must be driven off even in the pan. As steam on being 
condensed to liquid water gives out a gooideal of heat, and as 
cooling is one of the principal conditions of effective condenSP 
tion of muriatic acid, this condensation is much more d*Sfid{ftT“ 
w r hdh dilute sulphuric acid has been employed'foj^lecomposing 
the salt. 

The important jjart played by the air mixed with the HC 1 
and the steam will be explained later. • 

At present we need only remember that, along with the 
preparation of sodium sulphate, the condensation of hydrochloric 
acid must always be effected, to prevent the escape of this 
noxious gas, whether or not the condensed muriatic acid can 
'be sold, or used by the manufacturer himself.. • 

If hydrochioric acid is the principal product , a different style 
of working" is adopted. Instead of engployiitg more tjian 
iHjSO, to 2NaCl, as is sometimes racommencjed, less sulphuric 
acid is wised than is required by theory. In the former case 
all the hydrochlofic acid would be completely expelled, but it 
would be contaminated by sulphuric acid escaping at. the same 
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time. With ^xcess of salt a little'common salt remains un- 
decoinjxised, but the hydrochloric acid will be quite free from 
sulphuric acid, and as sulphuric .acid is nearly everywhere the 
dearer of the two ingredients, an excess of common salt will 
be 'employed if the value of the hydrochloric acid is the 
principal thing a'nd tHat i of the residue of (impure) sodium 
sulphate only a secondary consideration. This is the case 
in all places where, owing to the high. price of coal, the 
consumption of sodium sulphate for making glass or alkali is 
excluded, or wheip hydrochloric acid is required for other 
purposes, whilst its transit from the centres of chemical industry 
is extremely dear, making its local production as a principal 
matter remunerative. 

The raw materials for the manufacture of sulphate of soda 
are the following:—first, sodium chloride with more or less of 
impurities, as common salt or rock-salt; secondly, sulphuric 
acid; thirdly, in many cases, cylinder-cake, nitre-cake, and other 
products containing sodium sulphate, free salt or free acid 
(residues from the manufacture of muriatic acid in cylinders 
and from that of nitric acid, the pan-scale of salt-works, etc.). 
(The “saltpetre-salt” obtained in making nitrate of potash 
from potassium chloride and nitrate of soda is, owing to a 
percentage of 0-5 <*> saltpetre, unfit for making saltcake; it 
acts strongly upon the pans, tools, etc, and the hydrochloric 
acidTontains chlorine.) The materials mentioned in the third 
place altvayswplay a secondary part, and are nearly alw ! ays 
used as an addition to common salt, with a corresponding 
change in the amount of sulphuric acid. t ThiTs common salt 
and Sulphuric acid remain the principal raw materials for the 
saltcake manufacture. «■ 

I, Salt (sodium chloride ) has bcen^ described in detail, p. 4 
el seq. Here we have only to consider which of the various 
technical forms of sodium chloride are most suitable for the 
saltcake manufacture. Brine is not employed for this purpose * 
at all. • 

Rock-salt i^decidadly an inferior material for the Manufacture 
of saltcake, if it corftains any quantity of impurities. Thus the 
great bulk of the Stassfurt salt is contaminated by calcium 
sulphate; a' great deal of the Cheshire rock-salti contains too 
much ferric oxide, and so forth* But<other descriptions of rock- 
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salt leave nothing to be cfesired in the matter oj^purity, as, for 
instance, the salt of Neu-Stassfurt. Such rock-salt has tfe great 
advantage of being almost frc<ifrom moisture, and consequently 
very strong (98 to 99 per cent.) and of quift* regular composition, 
thus greatly facilitating the process. But alf rock-salt labours 
under the disadvantage that it must be* groufid before putting 
it into the dccomposing-pans, and that tlfis must not be done* 
too finely, since otherwise the jjalt lies as a deaJ mass at the 
bottom of the pan and is not penetrated by the acid? To avoid 
this, the salt is crushed only roughly, and the fine powder (below 
j-inch) is separated by a sieve will* J-incff. meshes. It was 
formerly held, but is not confirmed by German experts, that 
Tock-salt is more difficult to decompose than pan-salt. The 
former requires more frequent and careful stirring than the 
latter, a matter of less importance if mechanical dccomposing- 
pans arc used. In the Hargreaves process (Chapter V.) rock- 
salt and pan-salt arc frequently mixed. Where salt has to be 
used in solution, as is the case in the ammonia-soda process, 
rock-salt will do perfectly well, and even the anhydrous calcium 
sulphate is then left behind. The red rock-salt of Cheshire is 
hardly usable at all for decomposing, and clay or magnesium 
chloride in rock-salt may also prevent its use. 

Scu-Siilt is generally made in different^rades. That which 
crystallises first contains a little gypsum, but is otherwise pdff, 
and is generally set apart for consumption with food. mrKtfT 
secSnd quality, that which crystallises betweert sj^gf-«I -23 an d 
1-25, contains very little CaS 0 4 , but about 1 per cent. MgCl 2 , and 
is rather damp* It # is much improved by allowing it to lie in 
great heaps in the open air through the winter months^ the 
rain then washes out most of the impurities, together with 
several per cent, of NaCJ, and converts the small crystal.s^into 
larger lumps, of the size of a pea to that of a walnut, which are, 
however, of much looser texture than rock-salt, and readily 
’ dissolve in the decomposing-pan. This salt is excellent for 
making ammonia soda as well. 1 

Pan-satt, on account of its physical structure, is of all salts 
that best adapted for decomposing. • The loo$e crystals formed 
during the evaporation of the brine form a kind of sponge, which 
in the decoraj>osifig-pan absorbs the acid and quickly dissolves 
1 Cf. Lunge, them, lfldustrit , 1883, p. 228. ■ 
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in it, thus gr\at!y facilitating the work. It has tha drawback 
of frequently containing impuritiec, as well as very varying 
quantities of water. « 

The porous natufc of pan-salt is recognised by the fact that 
a ctlbic foot of it l on the average weighs 43 Jb., whilst coarsely 
crushed rock-salt 'weighs from 76 to 84 lb., and finely ground 
"rock-salt 70 lb. Thi.$ is to be considered in calculating railway 
freights, in stock-taking, and so,forth. , „ 

By “ pan-salt ” we here understand merely the coarse-grained 
common salt whicl^ is obtained by evaporating the brine below 
its boiling-point.* That«kind of salt which is obtained in " 
boiling, and which is of a very fine grain (“butter-salt”), is not 
suitable for use in the decomposing-pan, but can be employed 
in the Hargreaves process. 

11 . The sulphuric add used for decomposing salt is always 
the common chamber-acid, or the acid obtained by evaporation 
in lead pans or in the Glover tower. The usual impurities 
do no harm in the manufacture of saltcakc; except for that 
which is destined for glass-making, when acid containing iron 
should be avoided. The arsenic contained in the sulphuric acid 
does not remain in the saltcakc, but passes over into the muriatic 
acid, and its presence in this may sometimes be inconvenient. 
Nitrogen and lead compounds in ordinary vitriol occur in too 
small quantities to do any harm. 

greater importance is the concentration of the sulphuric 
acid employaL "The best strength is from 140° to 144° Tw, 
Stronger acid, even if it can be obtained without any further 
expense (for instance, by a Glovar tower), js ntfc good for the 
process, because the hydrochloric acid is given off too vehemently 
and the mass solidifies too quickly, before it has been- thoroughly 
mixcyl and decomposed. The drawback of too great concentra¬ 
tion is certainly easily remedied by adding chamber-acid, and this 
is regularly done at the factories working with a' Glover tower. 
But the opposite drawback of too much dilution is not so easily 1 
avoided in the absence of a Glover tower, and if it is too 
expensive to ctmcentjate the acid in lead pans. No expendi. 
ture should be needed for# this, however, as the chamber-acid 
can be concentrated to 144° Tw. on the top of the pyrites- 
burners. But before this was well known, to avoid the expense 
of concentration by additional Kiel, the chamber-acid was taken 
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directly for the decomposing process at many v orks. So long 
as its strength is not beloto 128°, or, at least , i24°Tw., no great 
harm is done, but the woi 4 c is slower and the condensed 
muriatic acid rather weaker. TJiose manufacturers who do not 
get the chamber.acid up to at least I 24 °Tw. ought not to shirk 
the expense of concentjation, even if Jhey possess no pans on thc^ 
burners and no Glover tower; for weaker acid rot only retards 
the operation very cnuch, makes the condensation more difficult, 
and yields weaker muriatic acid, bflt it also causes greater wear 
ancj tear of the decomposing-pans. Thisicasc may occur in 
starting factories before the plant is*in proper working order; 
sometimes, for days or even for weeks they must work with 
*acid of, say, 106 0 Tw.; but such a proceeding is generally paid 
for by a quick destruction of the decomposing-pans. The 
sulphuric acid may be moderately preheated by the waste fire 
gases from the saltcake furnaces. 


Analysis of the Raw Materials and Froducts. 

This section is confined to the substances described in 
the preceding pages; the analytical methods for the inter¬ 
mediate products formed in the course of manufacture, of the 
liquors, etc., will be described subsequently^ Fuller details tfr^n 
are given here will be found in G. Lunge, Technical Chemists' 
Handbook , London, Gurney & Jackson, 1908; G. Lunge, Tethnical 
hfethods of Chemical Analysis, English translating, edited by C. 
A. Keane, vol. i., Gurney & Jackson, 1908. 

The descriptions of the mfthods of analysis are written on the 
assumption that the analyst has already had a training equivalent 
to that cohered by Cumming and Kay’s Quantitative Analysis, 
Oliver & Boyd, 1919. • • 

• 

• Analysis of Common Salt. , 

A complete analysis of common salt is but rarely performed 
in alkali-works. Where the salt is always bought from the same 
source, the buyer is usually content,with simply estimating the 
moisture; ana in the case of pure dry rock-salt even this 
may be dispensed with. Impure rock-salt must .be examined 
for its accessory substances, of* which calcium sulphate is the 
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most important. Apart from this, it is useful to examine for 
magnesia. Any excess of sulphuric ifcid over that equivalent to 
the lime^ind magnesia present is ealculated as sodium sulphate. 
Insoluble substances, as clay anfl the like, ought never to occur 
in sensible quantities in salt intended for alkali-works. An 
examination for potash, *irgn, etc., is rarely required. 

Moisture is estimated by very gradually heating 5 g. in 
a platinum crucible, taking care to keep thc-cover on in order 
to avoid loss by the projection of small particles [of p. 4); at 
the end the crucible is brought to a low red heat for a few 
minutes. It is useful to Employ as new a crucible as possible, 
and to place the stand with the Bunsen burner, etc., on a sheet 
of black glazed paper, in which case the loss by projection will 
not exceed o 1 per cent. Where many samples, especially of 
damp salt, have to be tested, it is expedient to proceed as 
followsThe various samples are weighed in perfectly dry 
Krlenmeyer flasks, holding 250 c.c., and covered with a small 
funnel. These flasks are heated on a sand-bath to 140° or 150°. 
Within three or four hours the water present as “moisture” is 
evaporated and is estimated by reweighing the flasks after cool¬ 
ing. The “ chemically combined ” water (from gypsum, etc.) can 
be estimated by further heating the dry flasks on a wire gauze, 
bt^as its quantity i> mostly under 01, and hardly ever over 
0-2 or at per cent., this operation is usually omitted. 

^iltloride is estimated by precipitating the filtered solution, 
after addition mi pure nitric acid, with silver nitrate and weigh¬ 
ing the silver chloride; or, more expeditiously, although not 
quite so accurately, by titrating thfc neutral .solution with deci- 
norm;(! silver solution, employing a little yellow potassium 
chromate as indicator, and going on till the white precipitate 
turns faintly pink, and retains this tintteven after shaking up. 
The quantity of silver nitrate .used is diminished by 02 c.c., to 
allow for the excess causing the coloration, and each cubic centi¬ 
metre of the'remainder is put=0 003545 g. Cl or 0 00585 g. NaCl. 
Some people are not able to notice the change of colour quickly 
enough, and tHEse will always obtain too high results. The 
change of colour »is*seen much better if sodium arsenate be 
used as indicator; in this case a single drop of the'silver 
solution in e'xcess causes a distinct pink coloration, and no 

deduction rhust be made for an Excess causing the coloration. 

( 
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Lime «is estimated by dissolving the sample completely, 
adding a little dilute hydrochloric acid, and heating, in case of 
need, until all calcium sulphate is sure to have been dissolved. 
The solution is filtered from ayy clay, e’tc.j the lime is pre¬ 
cipitated as oxMate by ammonia and ammonium oxalate, and 
the precipitate is strongly ignited ip order‘to conveit it into 
CaO, which is weighed and is calculated *as su h or as CaSO * 
(iooo> CaO = 2428 CaS 0 4 ). • 

Magnesia is precipitated from*the filtrate from the calcium 
oxalate by the usual phosphate mixture, rmd is calculated as 
MgS 0 4 ; if, however, the amount of'sulpharc is less than the 
equivalent of the CaO and MgO, the remainder of the latter 
•is calculated as MgCl 2 . 

The estimation of Sulphate is described in Sulphuric Acid — 
Chamber Process. 

J. and S. Wicrnik 1 point out that the magnesium chloride 
in common salt and in brine ought to be directly estimated, as 
the usual method of calculation just described may involve 
serious errors. They extract the dry salt with absolute alcohol 
(sp. gr. 0796), which dissolves nothing but MgCl,,, and continue 
this operation so long as any chloride is found in the washings. 
The liquor is freed from alcohol, and the magnesia is estimated 
as pyrophosphate, and the chlorine by tftration. These ^’o 
ought to agree as regards MgCl 2 . In the original solution the 
quantity of magnesia, lime, chlorine, and sulphuric KrT is 
esfimated as usual. The S 0 3 is first calculataWbr CaO, then 
for any MgO present in excess of that found as MgCl 2 ; any 
excess of S 0 3 *is calculated %s Na 2 S 0 4 . The chlorine corres¬ 
ponding to the MgCl 2 present is deducted from the* total 
chlorine, cRid the remainder is calculated as NaCl. 

Ferric oxide and Alumina occur very rarely in appreciable 
quantities. When present, they,are found in the hydrochloric- 
acid solution, filtered from the insoluble residue, and precipitated 
by adding ammonia free from carbonate—that is,'before pre¬ 
cipitating the lime as oxalate. Alumina and ferric oxide are 
best weighed together, and the iron is eitimatOJ in a separate 
sample, by titrating with potassium* bichromate after reduction 
with zrnc. 

Anatysis % of 'Brine. —In this volume we treat solely of 
1 Z. angeig. Chem., r S93, p. 43. 
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methods employing solid salt, but for the sake of corrfpleteness, 
the analysis of brine will be briefly described. First of all the 
specific gravity is taken, observing‘the temperature. From this, 
after^ reducing it to the nornvd temperature, the percentage 
of sodium chloride can be ascertained, in the case of very 
j>ure brine, by the aid of.the table gi,ven on p. 8. In the 
case of impure brine, the composition of which does not, as 
a rule, vary greatly, if taken from the same'source, the specific 
gravity gives at least an indication of the uniformity of its 
quality. j 

If the brine has to be accurately analysed, we estimate chloride, 
sulphuric acid, lime, and magnesia according to the methods 
described above, and calculate in the same way. The method 
of J. and S. Wicrnik [if. supra ) must be carried out with the 
residue left on evaporating the brine on a water-bath. Alumina 
and iron must be estimated, if present. 

In brine, calcium, magnesium, and iron may also occur as 
bicarbonates. These are estimated in a separate sample, by 
concentrating 500 c.c. in a porcelain capsule to about too c.c., 
filtering the precipitate formed, washing, dissolving it in hydro¬ 
chloric acid, and estimating therein CaO, MgO, and Fe by the 
well-known methods. They arc calculated as normal carbonates 
(capo, etc.), and arc?deducted from the totals otherwise found. 
For ordinary purposes it is sufficient to dissolve the washed 
precipitate on the filter in standard hydrochloric acid, and to 
calculate ‘evci^r cubic centimetre of normal HC 1 neutralised 
=0-0500 g. CaC 0 3 . 


Analysis of Sodium Sulphate. 

Pgrc sodium sulphate is quite whits, forms a clear solution 
in water, has a neutral reaction, shows no trace of chloride 
when treated with silver nitrate, and yields no precipitates 
with sulphuretted hydrogen, ammonium sulphide, sodium or 
ammonium carbonate, or potassium ferrocyanide. "Commercial 
sulphate is tested in, the following way:—Usually only the 
foreign constituents’ are estimated, and the pure NajSO, 
calculated from the difference. If it is merely required to 
test the sulphate for one's own use (for alkali-making), where 
it is only a check on the manufacture, the following simple 
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process is.sufficientTwenty grammes of sulpnate are weighed, 
dissolved in 250 c.c. warm water, 50C.C. taken out with pipette, 
and, after methyl-orange 1 has been added, “ free acid" i , titrated 
using normal caustic-soda solution, of uWich 1 c.c. corresponds 
to 1 per cent. S<} 3 when working in the above way. In reality 
the “ free acid” includes any HC 1 , as.wfill as ftaif of the sulphate 
in NaHS 0 4 , and the salts of alumina and ferric oxide possessing* 
an acid reaction. .The influence of the last-mei.lioncd sails 
on the indicators is irregular, especially in the cold; as they 
arc never present in any considerable quantity, this is not of 
much consequence, and their effect is c*ntirely\voided by working 
in the following way. No indicator at all is used, but standard 
• soda solution is added until the first flakes of a permanent preci¬ 
pitate appear, which do not redissolve on agitation. This method 
is not absolutely exact, but is sufficient for practical purposes. 

Sodium chloride is found by taking another 50 c.c. of the 
above solution, adding exactly as much caustic-soda solution 
as had been used in the test for free acid, then a few drops of 
a solution of yellow potassium chromate or of sodium arsenate, 
and titrating with decinormal silver-nitrate solution till the 
precipitate has taken a just perceptible pink shade. Each cubic 
centimetre of the silver solution will indicate 0146 per cent, of 
Nad, but, when potassium chromate has been employed as 
indicator, 0-2 c.c. must be deducted for the quantity required 
to produce the coloration. Instead of the ordinary decifrormal 
silver solution, it is convenient to employ a solut»n containing 
per litre 2-905 g. AgN 0 3 , which indicates per cubic centimetre 
0 00 1 mg. Na 01 . , » 

If an analysis is to be madefor sale , a somewhat more accurate 
process m«st be employed. Ten grammes are calcined in a 
porcelain dish with the addition of a little ammonium carbonate, 
and weighed again, by which operation the moisture and the 
free acid are found. The latter is estimated by itself in a fresh 
uncalcined sample in the same way as described Above. The 
calcined sulphate is dissolved in water and filtered, the residue 
weighed, treated with hydrochloric acid, a»d the *ron in the solu¬ 
tion estimated. The separation of aiumin^ which only occurs in 
very small quantity, is hardly ever made. The portion insoluble 

1 If litmus,were employed as indicator, an error would be caused by 
ferric and a'uminium salts. • * * 



62 ANALYSIS OF RAW MATERIALS AND PRODUCTS 

• « • 

in HC 1 is calculated as sand. In tlie filtrate the chloride can 
be estimated as above, and the lfme by precipitating with 
ammonipm oxalate. It is, however, preferable to omit the 
calcining, and to proceed in thys manner :—The sample is dried 
at 100° C., weighed, dissolved in water, and tjifc weight of the 
residue (sand and ?i little*ferric oxide) estimated. In the solution, 
which is reduced to definite volume, free acid, chlorine, lime 
(to be calculated as sulphate), iron, etc., are estimated separately. 
In this case there is no dangSr of expelling any HC 1 . At some 
English works 07c per cent, is always reckoned for silica and 
ferric oxide, the Irce acid and undecomposed NaCl estimated, 
and the remainder taken as Na.,S 0 4 . This calculation, however, 
neglects the lime, and is inaccurate, for even with common* 
pan-salt there is often upwards of 1 per cent, of CaS 0 4 , and 
with rock-salt even more than that. 

De Koninck 1 employs the following plan. He dissolves 50 
g. sulphate and filters into a litre flask ; the residue is washed 
and ignited. The filtrate is made up to 1 litre ; 300 c.c. of this 
arc used for estimating the free acid by titrating with ammonia, 
the latter being added till ferric hydrate begins to precipitate; 
a little litmus is added and again standard sulphuric acid, till 
the liquid just turns reddish. Al., 0 ., and Fe 2 0 ;1 are estimated 
b^adding chlorine- or bromine-water to 200 c.c. of the solution, 
precipitating by N H ;l , filtering, etc. In the filtrate the lime 
is TSft'matcd by ammonium oxalate, the precipitate is washed, 
ignited, Convicted into calcium sulphate by sulphuric acid, and 
weighed as such. Or all three may be estimated together, 
without filtering off Al., 0 , and' Fc, 0 ;1 , in which case, after 
adding sulphuric acid and igniting again, A 1 2 0 3 , Fe 2 0 3 , and 
CaS 0 4 remain. Sodium chloride is estimated in too c.c., 
as usual, by standard silver nitrate with potassium chromate 
as indicator, the free acid havjng been neutralised by a solution 
of borax. Dc Koninck considers the estimation of moisture 
by heating to 100" C. inexact, because, on the one hand, at that 
temperature some water still remains, and, on the other hand, 
the*bisulphate c acts on the sodium chloride, and hydrochloric 
acid is given off!'- He thepefore estimates the water indirectly 
by heating 2 g. of sulphate in a covered platinum crucible 
to fusion, at which point water, sulphuric acid, and hydrochloric 
1 Revue Universelle, 85 , 366; 89 , 394 ; Chan. News, 88 , 252. 
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acid escape [an addition* of ammonium carbonate would be 
useful in this case], and deducts from the loss, first, th; '‘free" 
sulphuric acid; secondly, fon each n; parts of common salt 
decomposed (estimated by dissolving and* fitrating the NaCl still 
present) he adds another 25 pa’rts (SOJI.,^98, 2 HCl = f3)— 
that is, to I NaCl O'214. • • 

Isbert and Venator 1 dissolve about* 2 g. of the sample* 
in a Jittle hot wajer, add a Jittle ammonia and ammonium 
carbonate, filter from the precipitate, redissolve the latter in 
HQ, precipitate as before, and wash with hot water; the 
volume of the filtrate, with all wftshingsVnecd not exceed 
100 c.c. The precipitate comprises insoluble matter, ferric 
• oxide, alumina, calcium and magnesium carbonates. The 
solution contains all the sulphate, besides sodium chloride and 
the “free acid” as ammonium sulphate. It is evaporated in 
a platinum dish on the water-bath, with addition of a little 
sulphuric acid, and the residue is ignited till all ammonium salts 
are driven off, and weighed. By deducting from the weight that 
of the Na 2 S 0 4 , corresponding to the NaCl found by titration in 
the original sample, we find the real Na 2 S 0 4 originally present. 

Grossmann 2 dissolves 3-55 g. saltcakc in a half-litre flask, 
adds 30 c.c. of a cold saturated solution of barium hydrate, 
fills to the mark and shakes up. Two hundred and fifty c.c, 
ot the clear portion are placed in a flask, carbonic acid is # passed 
through for ten minutes, and the liquid is boiled to dcccflflpbse 
th<* barium bicarbonate. After cooling it isTlilyJed hr 500 c.c. 
and filtered. 250 c.c. of the filtrate (/.<?., one-quarter of the 
original quantity) is titrated«with normal acid. The following 
reactions have taken place :— • 

'• Na 2 S0 4 + (*+i)Ba(OH)., = BaS0 4 + aNaOH+.vlSa(OH)., 

2 . 2NaOH +acBa(OH)ff(x+ iJCO^ = Na 2 C0 s + wBaC0 s +#I 2 0. 

Hence the sodium carbonate ulflmately found is equivalent to 
the sodium sulphate originally present. C.orrectiops must be 
made for. ally barium nitrate contained in the hydrate and for 
the bulk of the precipitates, which renders the operation com¬ 
plicated and somewhat uncertain. In fact, Grossmann finds an 
inexplicable “constant error” of 13 per cent., which is added 
to the result obtained as above. 

1 Z. an^etu. Chem., 1890, j». 66 . * 


! Chem. News', 41 ,114. 
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Analysis of Acid Sulphate (Bifulphate, Nitre-cake'). 

Nitrg-cake, that is, the residue/rom the manufacture of nitric 
acid, is a mixture of'normal sodium sulphate and bisulphate in 
very varying proportions. For technical purppses it is usually 
only tested for “ frbe ” siflphuric acid—that is, for that present as 
’bisulphatc—in order to ascertain how much common salt it will 
take to neutralise this in the salfcake-pan (Chapter III.). & This 
can be done with sufficient exactness by titrating a sample with 
standard caustic-soda solution without adding an indicator, until 
a yellow colour ora permanent precipitate is produced. It is 
also sometimes tested for iron and for nitric acid by means of 
the nitrometer (cf. Nitric Acid Volume); it ought not to 
contain more than traces of nitrate. 

Those who desire for any reason to determine the sulphate 
in nitre-cake or saltcakc may be interested in a rapid volumetric 
method for the determination of sulphates given by A. D. 
Mitchell and C. Smith. 1 The method consists essentially of 
adding a small excess of A'/5 barium chloride solution, destroy¬ 
ing mineral acid by sodium acetate, adding excess of N\\o 
ammonium bichromate solution, and making up to 100 c.c.; 
when the precipitate has settled, 25 c.c of the clear supernatant 
liquid are titrated with N\20 ferrous ammonium sulphate 
solutiqfi, using potassium fcrricyanidc as an external indicator. 
Tffi?**has been applied to ammonium sulphate, potassium 
sulphate* ziuf Sulphate, magnesium sulphate, and copper 
ammonium sulphate, and gives results accurate to about 02 
per cent., although in the case ef potassium sulphate special 
precautions have to be adopted to minimise absorption. 
Excluding weighings, five determinations may easily be made 
in hour. 

Analysis of Hydrochloric Acid. 

The hydrogen chloride in commercial muriatic acid is frequently 
ascertained merely by means of the hydrometer, with the help 
of £he table «f specific gravities (p. 44). We have already 
pointed out that- the impurities of commercial muriatic acid 
frequently cause great errors in this mode of estimating its 
value, even when the specific gravity has been reduced to 15°, 
1 Chtm. Soc. PPoc., 1904, 26 , 291. 
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as must be done in evcty case ’ ence frequently a direct 
estimation of HC 1 cannot be omirtcd. This can be sometimes 
done by titrating with standard soda solution, as hqs been 
described in the case of sulphuric acid ’(cf. Sulphuric Acid , 
Vol. I.). But thij can only be done with mflriatic acid ndfrly 
free from sulphuric acid, or in such cases adhere a moderate 
percentage of that acid is not of much* confcquei.re. Whencvei 
these .conditions arp not present, the MCI must be directly 
estimated, either grav imctrically* or, more expeditiously, 
volumetrically. For the latter purpose the acid must be 
neutralised with sodium carbonate, «>f vrhici* a slight excess 
does no harm, and, after adding a little yellow potassium 
•hromate or sodium arsenate, the titration must be performed 
with decinormal silver nitrate, as described, p. 58. Errors in 
this estimation may be caused by the presence of chlorides of 
sodium, iron, or the like; but the sodium is hardly ever, and 
the iron very rarely, present in appreciable quantities. Free 
chlorine would also influence the above test; but it is very 
rarely present to any extent, and is then easily estimated by 
the methods described below. In the presence of nitrates 
the titration with potassium chromate does not yield quite 
accurate results, since silver chromate is soluble in nitrates. 

A more accurate method for the determination of chloride 
in acid solution is by use of standard solutions of silver i^itrafe 
and potassium thiocyanate. No neutralisation is necessary rt'Ad 
ihe accuracy of the analysis is unaffected by •thc^presence of 
iron or nitrates. For details of the procedure, see Gumming 
and Kay’s Quantitative Analysis. 

An electrolytic method of estimating hydrochloric acid is 
lescribed by Goldbaum and Smith. 1 

Fuming hydrochloric ^acid is conveniently weighed in # the 
1 bulb tap pipette,” described in Sulphuric Acid , Vol. I. 

The ordinary impurities of hydrochloric acid may be detected 
ind estimated in the following way:— . • 

i Frequently it contains sulphurous acid , arising from any 
pat may have been present in the sulphuric acid employed for 
preparing the hydrochloric acid, or from sutpjjuric acid acting 
Spon irqn or organic substances. The presence of sulphurous 
|cid is most easilydetected by means of sulphuretted hydrogen, 

1 /. Amer. Ckern. Soc., 1910, 82, 1468. 
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with which it gives an opaque-whife colour; for this reaction, 
however, Cl and Fe 2 Cl 0 , which may exist in very small quan¬ 
tities ajong with SO,, must be absent. In the presence of S 0 2 , 
stannous chloride givds a yellowish precipitate of SnS,. 

’The quantitative estimation of SO, is madf-by titrating with 
iodine or potassihm permanganate, but the presence of other 
impurities may caust errors. In this case the S 0 2 is oxidised 
by one of the above-mentioned reagents, qr by pure hydrogen 
peroxide. *l'he H,S 0 4 thus formed is estimated by precipita¬ 
tion with BaCl,, together with the H 2 S 0 4 originally present, 
and the latter is^estirnafed in the same way in another sample 
before oxidation. 

Sulphuric acid is one of the commonest impurities in crudo 
muriatic acid ; it is tested for and estimated by barium chloride. 
It must not be forgotten that BaS 0 4 is soluble in a large excess 
of HC 1 , and that therefore such an excess must be neutralised 
by pure soda (not by ammonia!) or removed by evaporation. A 
rough estimation of the quantity of II,S 0 4 in crude muriatic 
acid can be made by comparing the opacity caused by BaCl,, 
with that caused in acids containing a definite quantity of 
II 2 S 0 4 . For some purposes muriatic acid should be entirely or 
almost entirely free from sulphuric acid—for instance, for re¬ 
vivifying the animal charcoal used in sugar-works. Muriatic 
fffid for pickling iron previous to galvanising (coating with 
zi!!^*ought not to contain more than i per cent., or at most 
i-5 per cent fc of*S 0 3 (Riirup). 

The above-mentioned " opacity ” method has been developed 
by Riirup 1 into a somewhat m<ire accurate process, sufficient 
for ^re ordinary checking of work, although not for the purpose 
of testing complaints made by buyers. He prepares small 
glass tubes, closed at the bottom, 6 pm. wide for a length of 
250 mm., and then expanding into a small funnel; the top 
is adapted for closing with* a cork. The narrow cylindrical 
part is provided with an empirical graduation in the following 
way:—A number of special acids are prepared Jay adding to 
10 c.c. of pure hydjochloric acid as much sulphuric acid as 
corresponds to p-4, o-6, g-8 per cent. S 0 3 , and so on up to 
3-0 SOj. These are heated to boiling, washed into tl;e tubes, 
neutralised . eh’u.-sodium hydroxide, precipitated with hot 
Chi' Chem. Zelt., 1894,1 p. 225. 
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BaCL solution, shaken for'two mimues, and allowed to settle. 
A mark is made with a dlhmond at the level reached by the 
precipitate in the tube, indicating ihe percentage of S 0 3 .. These 
tubes are employed in future tejts by proceeding in a simjlar 
manner, i.e., alrrlgst neutralising to c.c. of the acid by NH„ 
adding 5 c.c. of saturated BaCL, solutjofl, closing the tube with 
an indiarubber cork, shaking vigorously, and reading off the 
volume of precipitate ; ,f| er five minutes’ settling. This method 
is also described by Jackson in 'J. Amer. Chew. Sac, 1901, 
P- 799 - 

A rapid method of determining*traces Sf sulphate is to 
precipitate in a Ncssler tube and compare the opacity with 
that produced in various standard solutions, using the same 
volume of solutions and keeping all other conditions, such as 
temperature, time of standing, etc., constant. The method can 
be made more exact by placing a piece of paper on which small 
squares, about 3 mm. square, have been drawn in chess-board 
fashion, and finding how much of the solution and of the 
tandard solution must be used to obtain in each case sufficient 
irccipitatc to just mask the pattern when viewed through the 
olutions in Ncssler tubes. 

Free chlorine is frequently found in hydrochloric acid, 
specially if the sulphuric acid employed in the preparation 
•f the latter contained nitrous acid. A starch solution containing 
ictassium iodide is a good test for its presence; but*if is 
lecdssary first to add some pure 11 Cl or H 2 S< 3 4 to th<f reagent 
n order to ascertain whether it is coloured blue by acidifying 
lone, owing Ur ths present* of iodate. Since even fen ic 
hloride liberates iodine, it is better to heat the acid and to 
told a strip»of iodide of potassium-starch paper in the vapour. 

A very accurate method is the following:—The acid is 
tlaced in a flask, from which the ^ir is completely expelled by 
| stream of CO a , and the acid is now shaken up with a strip of 
bsolutely clean copper-foil. In the presence <of chlorine, copper 
dissolved, which can be detected by potassium ferrocyanide, 
:c. Le Roy 1 detects free chlorine by maans o* a solution»of 
iphenylaminc. • • * 

Bromide and Iodide may occur in hydrochloric acid as HBr 
id HI, owing to'their presence in the salt. They are tested 
1 Hull. See. Chint, [3], ii., p. 279. 



68 ANALYSIS OF HAW MATERIALS AND PRODUCTS 

for by adding a very little chlorine-water, and shaking up with 
chloroform, which dissolves bromine with a yellow, and iodine 
with a purple colour, 0 

Jhrric chloride is found oil evaporation to dryness, along 
with any soda, Ijmc, and other refractory substances carried 
. over mechanically in ( the manufacture of sulphate, or contained 
in the water employed for condensation. According to Stas, 
even quite, pure acid, which on evaporating in a platinum 
retort leaves no residue whatever, on evaporation in open vessels 
takes up matters floating in the air and leaves a yellow residue, 
frequently containing iron. The strongly yellow colour of crude 
muriatic acid is frequently not caused by iron, but by organic 
substances. The iron is detected by ammonium sulphide; 
potassium fcrrocyanide, or potassium sulphocyanide; the latter 
two show it only when present as perchloride. Its estima¬ 
tion in the absence of alumina is made by precipitation with 
ammonia; in the presence of alumina by reducing with pure 
zinc, adding some phosphoric acid, and titrating with potassium 
permanganate. Titration with permanganate in presence of 
such large excess of hydrochloric acid is at best an unsatisfactory 
process and it is better to use standard dichromate. According 
to Venables’ the iron present in hydrochloric acid is best 
detected by adding a concentrated solution of cobaltous nitrate, 
cqjguied blue by addition of concentrated hydrochloric acid; 
even traces of iron change the colour to green. 

Arsenic frequently occurs in hydrochloric acid as AsCl a , from 
the arsenic contained in the sulphuric acid. Houzeau found, on 
the average, o-i g. AsCl s in a kiibgramme of commercial acid; 
FilHol and Lacassin, from i-02 to 5'007 g. As 2 0 3 ( = 0'8 to 4-28 
As); Glifnard, 2-5 g. As 2 0 3 ; H. A. Smith, 6-91 g. A'j 2 0 3 ( = 5-18 
As), Hjelt (from the same raw rr.ate-ial as Smith), in pan-acid 
of 36° Tw. 0-66, in roaster-aejd of 32° Tw. 014 g. of arsenic per 
litre. Arsenic is tested for by Marsh’s apparatus, by (Reinsch’s 
test) blackening a strip of copper, or by giving a voluminous 
brown precipitate with stannous chloride (Bettendorf). If 
sulphurous a<hd anJ arsenic are to be simultaneously sought 
for, Hilger 2 adds ‘iodine solution. Should this be decolorised, 
either SO s or As s Oj is present. More iodine solution is theq 
added until’an excess of it is present; the acid is poured into a 
1 Fischer's Jahresbtr., 1887, p. 546. ! Vr’agntr's JaAresher., 1875, p. 445. 
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test-tube, a few pieces of zftic are au.ed, and the tube is loosely 
closed with a cork to whith a strip of paper moistened with 
silver nitrate solution is attache I. If any arsenic was .present, 
AsH s is given off, and the p;y>er is Slackened; if not, the 
original acid is'qgain tested for S() 2 by first precipitating the 
sulphuric acid with banum chloride then adding to the filtered 
liquid iodine solution till the colour is p?rmanent, whercupo i,' 
if S 0 2 was originally present#a new precipitate of liaSQ, is 
formed. 

The German Pharmacopoeia prescribes the following mode 
of performing this testThree c.c. of the hydrochloric acid are 
mixed with 6 c.c. of water, and placed in a test-tube i$ in. 
"wide. An iodine solution is added till a faint yellow colour 
appears, then a few pieces of zinc ; a loose plug of cotton-wool 
is introduced, and the tube is covered with a piece of filtering- 
paper, the centre of which contains a drop of concentrated 
solution of silver nitrate (1:2). If arsenic is absent, this spot 
should not exhibit any yellow colour, which turns black on 
moistening with water, either at once or after a quarter of an 
hour, nor should there be any brown shade, blackening towards 
the centre. 

Another test for arsenic is the following:—A layer of 
sulphuretted hydrogen solution is carefully poured on to the 
acid; neither at the ordinary temperature nor on placing tHe 
tube in hot water (arsenic acid) should a yellow ring be fBrfhed 
found the area of contact within an hour. *Phis teit shows 

r ire per cent, of As in concentrated acid, but is not quite 
sensitive witkdiltjte acid. • 

Luckow 1 showed that by electrolysis arsenic is precipitated 
'ith dark«brown or black colour and graphite-like lustre; it 
oes not dissolve in hydrochloric acid even on heating, bui dis- 
slves in concentrated nitric acid ^nd in sodium hypochlorite. 

Ziegler* examines hydrochloric acid both for As and SO s 
y passing the hydrogen, produced by zine, first fhto a very 
ilute ammoniacal solution of copper, which indicates the H t S 
trmed from the SOj, and then through a* weak silver solutpn, 
’hich decomposes the AsH s . 

Kretzschmar 3 estimates the arsenic in hydrochloric acid as 

1 Z. anal. Uwn., 1880, p. 1. * Fischer’s Jahresber ., 1880, p. 318. 

5 ChenifZeit^ I%9i, p. 299. * 
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follows -.—The acid is diluted and is* approximately neutralised 
with soda; to this are added amrmJliia and yellow ammonium 
sulphide then an expess of pure'hydrochloric acid ; the liquid 
is priced on a water-bath, and I*LS is passed in. After two hours 
all the arsenic is precipitated as As 2 S 3 , which isavashed, dissolved 
m in caustic potash and JrrSnyne, and the lyscnic precipitated from 
the slightly acid solution by ammonia and magnesium sulphate. 
The precipitate is thoroughly washed, dissolved on the* filter 
in dilute nitric acid, the filtrate evaporated in a platinum 
capsule, and the magnesium pyroarsenate ignited at a red heat. 

For most purposes the following process will suffice:—The 
AsCh, in the acid is reduced by SO.,, then As 2 S 3 is precipitated 
by 11 ,,S, washed, dissolved in ammonia, the solution is evaporated* 
in a thin glass or porcelain dish, the As,S 3 dried at 100° and 
weighed. One part of As ; S< is = 06093 As or 080429 As. 2 O s . 

Blattner and Krasseur 1 employ the reaction found by 
Seybel and WikundcrA They employ the hydrochloric acid 
at a specific gravity of 116 to I • 18, and, if necessary, bring 
it up to this bv adding sulphuric acid, sp. gr. 1-45. Of such 
acid they lake 50 cc, add 5 cc of a 30-per-cent, solution of 
potassium iodide, agitate well, allow to stand for one minute, 
filter the arsenic trioxide on a cotton-wool or glass-wool filter, 
atifl rinse the vessel with concentrated hydrochloric acid con- 
taijthi^ to per cent, of a 30-per-cent, potassium iodide solution. 
Then they place the funnel with the filter on a 300 c.c. 
Krlcnmeyer flask, dissolve the precipitate by means of water, 
add excess of sodium bicarbonate, and titrate with decinormal 
iodine solution. * » * 

Sfchrbdcr 3 found in hydrochloric acid, sold by druggists as 
“ pure," so much organic substance that it posscssiSl a putrid 
smett and decolorised potassium permanganate even when 
strongly diluted. He believe*! that this acid had been obtained 
as a by-product in the manufacture of aniline colours. 

R. F, Tarbell * ton verts the arsenic into hydrogen arsenide 
which is passed through a solution of iodine in gasdlinc, whereby 
it « converted into Arsenic tri-iodide. Twenty-five g. of the 
acid are treatcd“with 35" g. of zinc and 1 c.c. of stannous 
chloride solution (50 g. S11 per litre). The specific “gravity 

' Chan, gat., 1904, p. 211. : Chan, gat., 1902, p. 50. 

s Chan, ifit., 1885, p. 857. ' J. tnt!. Eng. Chan., 1914, 6, 400-401. 
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of hydrochloric acid is firsf adjusted to about M and that of 
sulphuric acid to about i-^o bv addition of either water or 
arsenic-free acid. The reactiai is allowed^to proceed fgr about 
two hours, with wanning if necessary; then 20 c.c. of sulphuric 
acid, of sp. gr. 1-4 are added, and the reaction allowed to con¬ 
tinue for one hour more. The evolved gases are passed through 
a solution of lead acetate to remove hydrogen sulphide, and 
then through a bulb tube containing 80 r.c. of purified 60° 
gasoline, 20 c.c. of water, and 20*c.c. of a solution of iodine 
in purified gasoline (06773 g. per litre7. (The gasoline is 
purified by washing twice with sulphtiric acid?then with dilute 
sodium hydroxide and with water.) The contents of the bulb 
dube arc subsequently shaken with 200 c.c. of sodium arsenite 
solution (0264 g. arsenic trioxide, 1 g. sodium carbonate, 
and i g. sodium bicarbonate per litre), the aqueous layer 
removed, and the excess of arsenite titrated with iodine solution 
(0-6773 B- iodine and 1-2 g. potassium iodide per litre). The 
equations given are :— 

AsH 3 + 3I., - Asl., + 3H1; 

2AsI., + 3H.X) = As_, 0 ;) + 6HI; 

As, 0 3 + 21 j4 2HX) Asp,, + 4lll. 

1 c.c of the solution of iodine in gasoline is equivalent to 
0-00005 B- arsenic. * * 

H. Koclsch 1 describes the following rapid method f«r*The 
determination of arsenic in hydrochloric acid. *Onc hundred c.c. 
of hydrochloric acid are boiled with 200 c.c. of water and 5 c.c. 
of potassium iodide, solution»(50 g. per litre) until the liquid 
is only yellow o: faint brown, then after addition of 5 c£. of 
sodiunr-sulphite solution (25 g. of crystalline salt per litre), 
boiling is continued for Ijvc minutes, the liquid diluted to |bout 
700 c.c., made nearly neutral to methyl-orange with caustic 
alkali, treated with sodium bicarbonate, and titrated with N/ro 
’ iodine solution. Small amounts of nitric acid aro negligible, 
but largef quantities and the presence of substances that react 
with iodine in alkaline solution render, the *cthod useless. 
For a gravimetric determination the.diluteck*cid is treated with 
iodide .and sulphite as described, and the reduced arsenic 
precipitated from* the hot liquid by means of sodium sulphide 
1 C)ur*. Zeit., I914, 88, 5. 
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solution (40 g. per litre). The’ precipitate is' separated, 
dissolved in ammoniaca! hydrogen' peroxide, and the arsenic 
precipitated as magnesium amnfonium arsenate. The results 
wejc in close agreement with those obtained by standard 
methods. , • 

Selenium occurs # vcry. frequently in hydrochloric acid, in 
consequence of sclcnifcrous sulphuric acid being employed in 
its manufaejure. 1 Divers - derives it from a selenium sulphoxide, 
dissolved in sulphuric acid : ‘ 

2S<^(>. + 21ICI - Se.CI, + ITSOj + SO., 

Selenium may cause errors in the Reinsch test for arsenic, 
as it stains the copper-foil similarly to arsenic; but if the foil is 
heated in a dry test-tube, a sublimate is formed which dissolves 
in sulphuric acid with a brownish-green colour. 3 

Dr Reidcmeister, of the Schoncbcck Chemical Works, 
(private communication) states that red-brown deposits of 
selenium (sometimes very pure) occur at times in roaster acid, 
but never in pan acid It is found especially in the connecting 
pipe between the receivers. 

' c f Kienlen, Bull. Soc. Chim., 18S2, p. 40. 

2 ,/. Sue. Client. Ind., 1885, p. 33. 

3 f is, hers J,. thresher., 1884, p. 348.- 



CHAPTER III 

THE MANUFACTURE OF SALTCAKE ANI) HYDROCHLORIC 

ACID FROM SULPHURIC ACID AND SALT 

r 

HYDROCHLORIC acid and saltcake arc manufactured .almost 
’entirely from the raw products sulphuric acid and salt. The 
apparatus used depends largely on whether saltcake or hydro¬ 
chloric acid is the more desired product, and is still curiously 
influenced by what was done locally in the past. The earliest 
reference I can find to a British Patent for the manufacture 
of either of these substances is in that granted to William 
Sidgewicke (No. 641) in 1749. The “ spirit of salt” is made by 
distilling from an “ earthern long neck ” placed in a “ reverberatory 
furnace "a mixture of iJ lb. of ground and dried sea-salt and 4 J lb. 
of dry “ powdered tobacco-pipe clay or Fuller’s earth, or indeed 
any clay " mixed well together, having a capacious receiver; “ the 
heat is increased gradually for ten hours that the long ne«k rpay 
be of a moderate red heat; continue this hejt for five hours 
longer, by which time your operation will be finished.” 

Soon after this, the use of sulphuric acid was recognised 
as the best way Tor manufacturing hydrochloric acid from salt. 

Manufacture In Qlass Retorts. 

• 

This method is now only of .historical interest, and those 
desiring any details are referred to earlier editions. The 
process had the advantage of yielding an acid almost free from 
iron, but suffered from several serious disadvantages. If the 
amount of sulphuric acid used was only tsufficiSht to give <he 
normal sulphate, the residue in tile retofts broke them on 
cooling* If excess of sulphuric acid was used in order to obtain 
a fusible residue, there was great danger of getting the hydro¬ 
chloric acid much contaminated with sulphuric acid. ‘When the 
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process was in use, it was customary' to break up the retorts 
in order to obtain the saltcake, an<f the broken glass was then 
sent to a glass-work.^ to be remelted. 


I 

Manufacture in. Cast-Iron Retorts (Cylinders). 

• • 

This was the type of plant often adopted when muriatic 
acid was tfy: main product, butt it has been steadily dropping 
out of use. 

In France the cylinder-furnaces seem to have been given 
up some time affb; 1 but*in London and several other places 
they exist even up to now, in order to supply a local demand 
for muriatic acid. In 1904 there were still 16 cylinder-furnaces' 
at work in Great Britain, principally in South Lancashire, and 
about 1200 tons saltcake was made in that way. Such furnaces 
also still exist in the United States, and a few were still in use 
in England in 1919, so that a description may still be of some 
value. 

The process admits of a larger scale of working than with 
glass retorts. Figs. 1 to 7 show such an arrangement. Two 
cylinders, A A, lie in a furnace, of which usually a large number 
are placed side by side H is the fireplace, C the partition-wall 
between, 1) the fire-arch ; c c the escape-holes leading to the 
flues J, and g, which open into a chimney common to all the 
furnaces. The back end of the cylinders is either closed by a 
cast-met,11 plate or by a wall of bricks with very narrow joints, 
set in mortar of 1 part of plastic clay and 1 part of burnt fireclay. 
[This latter arrangement will ccftainly no* stand the action of 
the wiclting mass ; a round flag of stone or of stoneware in one 
piece is undoubtedly preferable.] This end of «th? retort 
contains a stoneware pipe a ; on this i.%;mt a stoneware junction 
j, shown on a larger scale iji Fig. 5 ; and this leads to the 
receivers 1. 'Ihc joints are plastered either with clay or with 
gypsum, Y he receivers are singly connected with a second row 
of receivers by the pipes K ; the second row communicates by 
th% pipes L L? at th» end of the row there is a junction-pipe, L', 
for a third row of-ftceivers, connected with a fourth row by the 
pipes L" L”; a fifth and a sixth row (M N, O P). usually 
ultimately lead to the chimney H. This connection, however, 
1 V 7 * E. Kopp, in Wurtz’s *l)iction.*de Chimie , it., p 1567. 
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is bad; in the case of cylinders there is no necessity for pro¬ 
ducing an artificial draught in the apparatus, by which a large 
quantity of acid is, carried away without condensation and 
creates a nuisance in the neighbourhood. "Ihe receivers should 
and must condense the acid gas so far that 'the gas can issue 
freely out of the* last ftf _ them ; otherwise no chimney, but a 
coke-tower, must be employed (see later). 

The front end of the cylinders is closed for each operation 
by a cast-iron cover with handle P, a little clay making the 
joint tight; an opening, R, 2.1 in. wide, receives the funnel-tube S 
for pouring in the acid, aftd is afterwards closed by a plug, S. 

The operation is carried on as follows:—The first row of 
receivers is left empty, the others arc half-filled with water* 
the empty row receives the acid contaminated by sulphuric 
acid and sulphate carried over mechanically. The cylinders, 
which are 2 ft. 2 in. in diameter and 5 ft. 6 in. long, are 
charged with 1C0 kg. of salt, the cover is put on and luted; 

128 kg. sulphuric acid of 144 0 Tw. is passed in through the funnel 
[this is considerably less than equivalent to the salt], the funnel 
taken out, and the stopper put in. The reaction commences 
at once, and is assisted by a small, gradually increasing fire. 
The metal cylinders can easily be heated sufficiently for the 
conversion of the common salt into neutral sulphate; and 
tlierefpre no more than an equivalent o*f sulphuric acid is 
cmplfcycd, usually even less, because it is dearer than the salt, 
and its* loss of more consequence The more dilute the 
sulphuric acid the more it acts upon the iron, and therefore 
it ought never to be below 152 'Hw.; it wjjl then evolve a good 
deaLof muriatic acid while still cold, and the fire need only be 
applied later. «■ *■ • 

Jhc hydrochloric acid given off condensed in Woulfe's 
bottles. Sometimes each of them has a tap, T (Fig. 6), of its 
own, but this is not necessary, and it has become quite usual 
to connect^ the bottles w ith one another by rubber tubes or, 
still better, by overflow-pipes taking the acid from the bottom 
of^one bottle ^o the, middle of the next one, as we shall see 
later. -- 

In any case the gas travels in the direction KLL'L'iMNO 
—that is, from the cylinders towards the chimney, whilst the 
water travels in the opposite •direction, 1, 2, 3, 4; so that fresh 




Fig. j. 
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water meets the gas almost free ftom acid, and the* weak acid 
formed in this way is concentrated hi the first rows of receivers 
by stronger gas. Altogether abeut 200 to 208 kg. of muriatic 
acid with about 40 p6r cent. [?] of dry IIC 1 , showing 21 0 to 22 0 
Baume, are said t6 be obtained from the 160 kg. of salt. 

The completion of the operation is f recognised by the gas- 
pipe becoming cold. 'fhe firing is then stopped, and the 
from cover is taken off by mc«m.s of a hook put through the 
opening R. [There ought tb be in any case, though I'ayen does 
not mention it, a set of pulleys, or at least a pulley provided 
with a chain *nd hook so arranged that it travels easily 
in front of each retort.] Then the saltcake, weighing 180 to 
184 kg. is raked out in one or two pieces. This is never pure 
sulphate, but either contains bisulphatc, or, where the muriatic 
acid is the main thing, undecomposcd salt; it can only be used 
for very common bottle-glass, and is therefore mostly worked 
up m alkali-works into good saltcake. It is usually called 
1 cylinder-cake." 


According to Dreyfus (B. P. 13827, of ,896), the cylinder 
furnaces are worked at a partial vacuum, at a temperature not 
exceeding 260" C. His apparatus is arranged exactly like 
Valentmers nitric-acid apparatus. 


f Manufacture in Furnaces. 

This is the method by which saltcake has always been 
made oil a large scale, from the time when it was the principal 
product and muriatic acid only a by-product, formerly often a 
very troublesome one. « 4 

The saltcake furnaces, unlike the glass apparatus and the 
iron retorts described above, always consist of two pa.iff 1 except 
most of the mechanical furnaces), viz. ( -one, consisting of cast- 
iron or lead, in which the $rst stage of decomposition takes 
place at a lower temperature—the detomposing-pan or pot ■ 
and anothfcr, consisting of brickwork, in which the decom- 
posRjon is completed at a higher temperature-the roaster 
°r ' dr ' er FM-xnerl> the whole operation was sometimes 
carried out from- beginning to end on the dished hearth 
of an open roaster, all hydrochloric acid escaping into the 
chimney along with the fire-gas, but this Barbarous style of 
manufacture will not be described here at all. The pan in all 
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cases is hdated from the /rtsidc, although in some rases a 
further heating from the tojl is added. The furnace, however, 
is either an ordinary reverberatory furnace or open roaster, or 
it is heated partly by the direct flame &nd partly indirectly 
through the bottom (gas-furnaces* or entirely by indirect hSat 
(muffle-furnaces or blind roasters). 

The principal matters to be attended to in -onstructing a 
furnace are the following:— 

(1) The Condensation of Hydrochloric Acid.—The. (instruction 
of the decomposing apparatus varies according to whether the 
object be that of obtaining the strongest a«id for sale, or 
moderately strong acid for consumption within the works, 
or only weak acid for running away. Only in the last case, 
where nothing but very weak acid need be got, can pans 
worked by an open fire be employed; where acid is to be used 
as it is made, the calciner may be either a close or an open 
roaster; but where sale-acid has to be made, close roasters are 
nearly always preferred. The reason for this difference is quite 
obvious, viz., that the muriatic acid can be made all the stronger 
in the condcnsing-apparatus, the less it is mixed with air and 
fire-gas. 

(2) I urning out large quantities, with the largest possible 
sa"ing of time and wages. In smaller works contrivances may 
be used which are ofit of place in large works, where verj^ large 
quantities have to be turned out, and vice versa. Thw, for 
instance, more work can be done with open registers than with 
close ones, and most of §11 with furnaces where the pans are 
equally heated form *tbovc by the open flame, though in the 
latter case only weak acid can be obtained. The heating o^the 
pan by*(to»»tva.ste heat of the roaster is also, at least in England, 
principally confined to sjpaller works; in larger works thjs is 
not always done, because it makes one part of the apparatus 
dependent upon the other, so that one must frequently wait for 
the other, and nothing like as much work can be turned out in 
the same tfm# as with separate fires. The extent of production, 
of course, must also determine the size of tjie funaaccs and paps 
and even the material of the latter. Ja cast-ir«8 pans much more 
work cae be done than in lead pans, because the former can be 
used much mjre roughly and fired more intensely. .The largest 
prodfiction is possible in the mechanical furnaces. , 
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( 3 ) The Consumption of Fuel. —iv’here fuel is deal* and wages 
low, opposite considerations prevail to those stated just now for 
large pfoduction. The furnaces,, arc then constructed so as to 
consume as little fuel'as possible; the pan is always heated by 
thft waste fire of the roaster, sometimes even both were heated 
by the waste heat of a hhack-ash furnace, but with the result that 
much less work could be done in a furnace during a given time. 



tic. s. 


WW! 

00 

001 

1 tic. 9. 



(4) The Purity of the Saltcake .—Where the object is that of 
making saltcake for glass-works, as free from iron as possible, 
lead, pans as prescribed by Leblanc are still .used. Thus 
irk Belgium, ^ instance, sulphate of soda is made containing 
only 0 007 per ceu*. of iron. Where, however, the purity of the 
saltcake is not so material, as for alkali-making, lead pans have 
been almost everywhere supplanted by c&st-irpn ones, first 
introduced in the year 18397 when.J. C. Gamble took out a 
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patent for cast-iron saltcake pans. H. Lee, at Felling-o.i-Tyne, 
had at the same time made the same invention. The lead pans 
are usually oblong with a slantfng side foj pulling out the salt- 
cake ; the metal pans sometimes* but rarely have the saipe 
shape; they are nearly always shallow dishes^in the shape of 
a segment of a sphere cast very thick; # thfy will be described . 
in detail further on. 


Saltcake Furnaces with Lead Pans. 

The oldest saltcake furnaces with open roasters were those 
constructed by I.eblanc, and known in France as bastringucs. 
They arc represented in Figs. 8 and 9, They are described 
in detail in the first edition of this work, Vol, II., pp. 52 to 56, to 
which the reader is referred, as the bastringucs are now quite 
obsolete. The same holds good of the Belgian calcining- 
furnace with two pans, shown and described in the same volume, 
pp. 56 to 60. 

Much better are those furnaces introduced later on in 
Belgium and elsewhere, which combine lead pans with muffle- 
shaped calcining furnaces. Instead of describing the furnace, 
which was figured in the Belgian Blue-book of 1855, and 
and which has been copied into some technical works, a more 
recent construction is shown which was actually at wort; in 
Belgium, and is here represented in a sectional elevation and 
two sectional plans (Figs. 10 to 12). A is the ^replace, B the 
muffle; the flame passes between the muffle-arch a and the top 
arch b, which is iflade* double, find contains an air-space, c, to 
lessen radiation. The air-channels d d, opening outside, se^ 
for codTWTJ^ind protecting the adjacent parts of the furnace. 
The flame descends in the flues e c, and passes through f f 
underneath the bottom, g, of the fnuffle; the latter is made 
specially strong near the fire end, on account of the danger of 
fluxing, and also at the back end. The openings h //serve for 
cleaning ouftte flues, and arc usually closed. From the bottom 
of the muffle the fire either passes through i du^ctly to th* 
chimney, or first underneath the lead fftns C C^the dampers k k 
permitting precise regulation. The plan Fig. 11 shows very 
well how the j>ans "are supported from below. Thft pans are 
in. thick, and stand on cadt-iron plates, preferably doitble ones 
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with 2 in. air-space between'to prevent the lead melting. Small 
holes can be repaired in situ; and one pan may be working 
while the other is under repair The air-channel l serves for 
cooling. The side of the pan .next to the furnace slants 
upwards, so as t» facilitate pushing the charge through the 
gangway m into the npaster 1 !. Th* ctym( 5 c> n is usually 
shut, as the muffle-gas is strong enough to admit of being 
mixed with the pan-gas , but if muriatic acid free from sulphuric 
acid has to be made, the pan-gas must be separated from the 
roaster-gas by the damper «. The finished saltcake is drawn 
from the working doors o a into boxes, in whiffh it is wheeled 
away to the warehouses. 

’ This furnace can put out as much as 5 tons of saltcake in twenty- 
four hours Its exact dimensions are: total length 39ft.; outside 
width of the roaster it ft. 2 in., of the pan-furnaces 16 ft. 5 in.; 
grate 2 ft. 7 \ in. wide, 5 ft. it in. long; height of the firebridge 
above the grates 5 ft. 11 in.; thickness of the side walls of the 
fireplace 2 ft., air-channels 4 in. wide ; depth of the due on the 
top of the muffle 12 in ; thickness of the upper arch 1 ft. 7J in. 
(inclusive of a 5-in. air-course in the middle), of the muffle-arch 
4 in., with a few strengthening ribs as shown in the diagram; 
thickness of the muffle-bottom 3 in., but in front and at the back 

8 in.; inside length of the muffle 19 ft. 6 in,, width 7 ft. iol in., 
up to the w'orking-doors 9 ft. 2 in.; height up to the spring of 
the arch 81 in., up to its crown 1 ft. to in.; gangway between 
the muffle and the pans 1 ft. 9 in. high, 1 ft* 4 in. ^Ide; flue 
underneath the muffle 2/t. 3! in. in the middle; flues under¬ 
neath the pans l-fr ”/1 in. hIJjh ; communication between the 
flue underneath the muffle and those underneath the pans t ft. 
7l initiate; pans j in. thick, 7 ft. 10) in. long at the bottom, 

9 ft. 2 in. at the top, 5 ft. i 1 in. wide, 1 ft. 5 in. deep. . 

The employment of a blind roaster is not indispensable for 
obtaining saltcake sufficiently pure for glass-making, especially 
with a deep fireplace as here designed and with* moderate 
draught; iTSias been made compulsory in Belgium merely for 
the better condensation of the muriatic *acid. *AVe shall sgc 
below what rules have to be observed in this respect in the 
constru- ion of blind roasters. 

In a faettyy wftere saltcake was made exclusively for glass¬ 
works, Lunge obse :ved the following mode of work:—The decom- 
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position of the salt takes place in comparatively very small lead 
pans; this admits of regulating it very accurately, and driving 
the reaetion in thc.p t an up to 75 per cent., so that the mass, 
on.being moved over into the roaster (which in this case is a 
reverberator)' furnace, fired with coke), instantly solidifies. 

Saltcake Furnaces with Cast-iron Pans (Pots). 

t • 

Much more widely us£d than decomposing-furnaccs with 
lead pans are those with cast-iron pans, now employed wherever 
saltcake is made for the* manufacture of alkali. According to 
Henry Deacon, 1 the first inventor of the present dccomposing- 
pans was J. C. Gamble, who, on 14th March 1839, patented 
a kind of rectangular fiat-bottomed retort. Directly after, 
11 . Ixe, having opposed and defeated Gamble’s patent, intro¬ 
duced a pan, shaped like a large cast-iron spoon, whose 
broader side was turned towards the workman, the smaller 
side towards the roaster. Gamble then introduced a round 
“ pot,” smaller and deeper than the present shape, and placed 
in an outer pan for protection. From this the present 
shallow uncovered pan, directly exposed to the fire, has been 
developed. 

In some rare cases the form of the pan resembles that of the 
lead pans just described ; and the)' arc then heated by the waste 
fire of the roaster, precisely in the same manner. Mostly, how¬ 
ever, thrfy are .Shallow cast-iron dishes, 9 to 1 r ft. in diameter, 
and 1 ft. 9 in. to 2 ft. 6 in. deep; tjjcir thickness varies from 
5 to 7 in. in the centre, and frftm 2 tory-.i n , near the edge; 
their weight is from 5 to 61 tons. Their edge is either quite 
even (Fig. 13), or provided with a plain horizofffal' flange 
(Fig. 14), or with an upstanding margin on a horizontal flange 
(Figs. 15 and 16). These fibrins differ, especially in respect of 
the boiling-over of the mass and the escape of acid vapour. 
At the present -time (1922) all the above types of pan 
are still in use, according to local preference. -Possibly the 
favourite is that shewn in Fig. 17, with dimensions suitable 
for a charge of * ton. 3 'he cover is very frequently formed 
by an arch independent of the pan, so that the .latter, if 
cracked, can be taken out without any loss of time and replaced 
1 Cktm. 'News, 2 *, 163 . 
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by a new o'ne. Only the tent wall of the pan furnac: ab< ve 
the fireplace need be taken away and rebuilt; and the exchange 
is all the easier, as the pan. for other practical reasons, is 





I'm, 14, 




always set so that the bottom is nearly on a level with fhe 
ground. and the fireplace is built underground: this is done 
in order to h$ve the working-door of the pan just £t the proper 
working height, say 2 fb to 2 ft. 6 in. above the ground. In 
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laying out the decomposin^-house, care should lx; tal.cn tnat 
sufficient free space remains in front of the pan-furnaces, so 
that the pan can be pulled *out by ineajis of a wirtch and 
a new pan can be run in, for «\vhich purpose, as no work 
is going on, all the furnacemcn, etc., will b<* available. 

The pans usually ha»'c one or twi^lufj; c.f- 1 on, into which 
the chain of the winch is fastened. The new pan i- placed on a 
strong wooden or iron bogie and run with this underneath the 
pan-arch, the bogie-wheels sliding on loosi, flat, iron bars; the 
old pan is likewise run out on a bogie, or directly on the flat 
bars, previously greased with wagon-grease. At larger works 
there is always a pan ready on a bogie, or at least supported in 
t>uch a way that a bogie can be run underneath and no time be 
lost. With energetic work no more than twelve to fifteen hours 
need elapse between the beginning of pulling down the brickwork 
of the old pan and finishing that of the new pan. At some works 
where all the pans are set in a single row, a railway runs 
parallel with them, which serves partly for taking away the 
saltcake, and partly for taking out cracked pans and putting in 
new ones with the assistance of a travelling crane. 

In the case just described the pan can be kept in use a good 
deal longer than usual, if turned 90° every three months, so that 
fresh surfaces are always offered to the wear and tear in the 
worst places; pans* can thus be made to last for eighteen 
months. • 

It is not quite so convenient if the arch is n 3 t independent of 
the pan, but rests upon thg edge of the latter, as in Fig. 16. Figs, 
20 to 23 (pp. 96-5-3^ show this arrangement. In other cases 
such pans are built with a straight cylindrical wall, restinf on 
the jfcm-cdge and covered by a horizontal circular metal plate. 
In this case, when the pan cracks, the top arch, etc., mujjt be 
taken down and rebuilt after putting in the new pan ; this causes 
twelve to sixteen hours' detention, in addition to the time stated 
for resetting the pan with independent arch. The* stoneware 
pipes for the acid gas, starting from the centre of the pan-arch, 
must be carried in the timber of the roof in such a way t^t 
they need not be taken away whew the arch is pulled down: 
there : «no question of this where the pipes are placed sideways. 

The reaspn why such an arrangement has been preferred 
at many works, although the*pan-arch has to be rebuilt 
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every time, and time and wages ajfc thus lost, is that only in 

this way can an escape of acid vapours into the chimney be 
with certainty prevented. With 1 the ordinary pans (Figs. 13 
or 14) standing loosely within^an arch and either just touching 
it with their edge? or connected w ith it by a taw wall, it is very 
likely to happen \haj, or t the contents of the pan boiling over 
(which cannot always be prevented), the acid will partly destroy 
the brickwork and open a slight communication between the 
space above the pan and that below it (viz., the fireplace). By 
the expansion and contraction resulting from great changes of 
temperature, the* pan is afready loosened and is easily detached 
from the arch, so that cracks and other communications of the 
kind just mentioned arc formed. But since the draught of the* 
chimney serving the fireplace is necessarily much stronger than 
that of the condcnsing-apparatus, which is in connection with 
the space above the pan, a good deal of the gas given off from 
the pan will inevitably be drawn downwards into the fireplace 
and thus escape directly into the chimney, as soon as the least 
communication exists between the space above and that below 
the pan. The smallest hole suffices for this; and it may last a 
long time, and much nuisance and damage may have been 
caused by the escape of hydrochloric gas before it is even 
noticed. This drawback is thoroughly prevented by the 
arrangement of resting the arch on the pan-edge itself, if the 
latter ts bent upwards and visible outside, as shown in Figs. 16 
and 20; lor even if a hole is made in the pan by any acid 
boiling over, which cannot happen so easily on account of the 
turned-up flange, the gas issuing‘from it Trm-.,; escape into the 
working-space itself and must be noticed directly; in no case 
can it get into the fireplace. This drawback is not sO'likely to 
occu* in the case of “ plus-pressure furnaces ” (see later on), so 
that the simpler forms of pai\« may be used with these furnaces. 

In order to avoid the boiling-over of the contents of the 
pan, and the awkward consequences thereof, sometimes a cast- 
iron ting, 10 in. high, is cemented on to the top-Of the pan. 
This allows ttfc'archrto be kept separate from the pan, and is 
practically sufficient, as the contents of the pan never rise to 
the top of the ring. 

An arrangement figured in Muspratt’s Che/ristry (iii,, p. 
908), and >copied into many text-books, is also greatly recom- 
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mended in Hofmann’s Rcf>\t by the Junes (1SC2). It seems to 
be obsolete now in England, but was observed by Lunge in a 
German works some years agft. It consists in providing the 
pans with sheet-iron dome-shap#d covers, bricked over; the 
flame of the fireplace first travels over these? covers, and then 
underneath the pan-bottom. The whfjc i%a (ftmi iron muffle, 
only provided with openings for charging, shoving, and carrying 
off the gas This Construction is mostly and complicated; it 
makes the renewal of a pan more troublesome, and facilitates 
the escape of acid vapouis by any hole in the iron dome; the 
heating from above does no good, except indirectly by keeping 
the diiect flame off the pan-bottom, which can be easily done in 
any case by proper setting, as we shall see below. In fact, at 
the German works where this style of cover has been adopted, 
the fire first goes underneath the pan-bottom and then over the 
top, where its only use is to protect the dome from being acted 
upon by the acid vapour, by keeping it hot. The arrangement 
drawn by Muspratt has never been general in Lancashire, as 
erroneously reported by Hofmann; it was only adopted at a 
few works, and seems to have been given up everywhere for 
many years past. Another arrangement (not to be confounded 
with this, and still found at some Lancashire works) consists of 
cast-iron domes for tire pans, without any fire passing over them ; 
they stand in the place of pan-arches; and on the occasion of 
renewing a pan its dome can be pulled up and let down *again. 
Sometimes the)’ are covered with bricks to keep them hot, and 
thus protect them from tlje acid vapours. 

The material ofTfffc pan isAjf the greatest importance for its 
durability. It should be considered what demands are made 
on such a casting. It is expected to stand, without cracking, 
frequently repeated changes of temperature between thc.cold 
salt and acid, heated at most (p 1 oo c C., and the low red 
heat required by the reaction on the other hand. It must 
even stand, to a certain extent, the caking-on' of crusts 
and the gf'eat local superheating consequent upon this^ not¬ 
withstanding the great thickness which is givei* to it for tjje 
sake of durability. It has further to resist the attack of the 
fire fri » below and the much worse attack of the hot acids and 
the fusing bisulphate from above. In fact, even under the most 
favourable conditions, it {an do "this only for a certain time: a 
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pan is considered to have done goctl service indeed if it works 
nine months and turns out 2500 tons of saltcake. Sometimes 
they last longer—up to 4000 toils, but mostly much less; and 
now and then they crack after a few days’ use. In order to 
stand at all, they fnust consist of a mixture of 1 several brands of 
pig-iron (kept se'hre^ by, the founders); and must be cast with 
the greatest care. Pure charcoal pig, for instance, resists crack¬ 
ing by changes of temperature- better thaii coke pig, but it is 
too soft and too easily attacked by acids. 

It will be useful to remember in this connection Lunge’s 
experiments onthe action of sulphuric acid on various mixtures 
of cast-metal {Sulphuric Acid). Fohr 1 justly blames iron- 
founders for making vessels intended to treat acids and alkalis,’ 
viz., saltcake pans and caustic pots, from the same mixture of 
pig iron. Those which have to resist acids should be rich in 
chemically combined carbon, with little graphite, much 
manganese, and little silicon. The metal ought to be tested 
by putting a sample in fused bisulphate of potash; 5-6 g. of 
metal with 2~-2 g. of KHSO, should not lose above 25 per cent, 
of its weight. The pans are of course cast in loam—not in 
brick-out pits, however, but in cast-iron moulds thickly lined 
with loam, placed bottom upwards and provided with many 
holes for the escape of gas; a feeding-head of 9 in diameter 
and. 2» ft. height produces a dense casting, any blowhole, of 
coursd, making the pan useless. In England the casting of 
dccomposmg-pans was formerly a monopoly of Messrs R. 
Daglish & Co., of St Helens, and the VVidnes Foundry Company, 
of Widncs ; for a number of yeafs past s’&TOal other foundries 
hav% also successfully taken up this work, as Messrs John 
Abbot & Co., of Gateshead, William Black, of South Shields, 
John Varlcy & Co., St Helens, etc.- On the Continent, the 
decomposing-pans must generally be taken from the nearest 
foundry at which they can be obtained; the alkali-works are 
therefore dearly always compelled to abstain from heating them 
directly, and to employ merely the waste heat of tne roaster ; 
set that their' Thole ‘style of working is different. There the 
pans rarely last, on an average, above 1500 tons of saltcake. 
They will last longer if the mixture is conveyed from them 
into the calcining-furnace in a thinner state. ' 

* 1 Fischer 1 ! Jahresher., 18So, p. 295, 
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According to a German patent of the Grusonwerk, Madge- 
burg (No. 45121), saltcakc pans are made with a fireproof 
bottom, as shown in Fig. iS. The bottom is cast with.outsidc 
ribs, of a dove-tail seftion, and Jhc spades* between them are 
filled up with fireclay. Several alkali-wo»ks are stated to 
use these pans. [The diagram supplier! from*the Grusonwerk 
seems to refer to a caustic pot. This' wilt, however, make n , 
difference in the principle.] 
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Blug C l (Ger. P. 4207) proposed making saltcakc pans entirely 
rom*brickwork, but this, of course, did not turn out a success. 

It is hardly necessary to mention that the way of setting the 
t>ans (which will be described iij detail later), and especially 
also the treatment of the pans, have very much to do with their 
urability, and that only very reliable and skilled men should be 
employed epon them. If the workman allows thick crusts to 
-a e to his pan and, perhaps, pushes them«off again suddenly,j)r 
1 he allows the pan to become red Hot towards the finish of the 
operat a, and then at once charges it again with cold salt and 
acl 'J, and forth, the best pan may be cracked This is at 
3nce Perceived through melted hisulphate getting into the fire- 
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place; and in this case it is the ri^lc in the best works to stop 
the work at once and to replace the cracked pan by a new one. 
It is dfiten possible to work on,a few days with a cracked pan, 
but with great loss df saltcajcc and gas, It is practically im¬ 
possible to patch«it, for riveting, cementing, cAc., do no good, as 
has been proved by innumerable attempts. 

The lower portions of the pan-setting, such as the fireplace 
itself, the arch over the same, ll^c annular wjll carrying the pan- 
edge, etc., Arc touched as little as possible on resetting a pan, 
unless they require repairing at the same time. The fireplace 
must, in Jhy c;gse, be constructed so as to avoid overheating 
parts of the pan-bottom, by which it would be most readily 
cracked. That this happens through unequal heating of single* 
places can be perceived on cleaning out a cracked pan, when some 
places will appear more brightly red hot than the remainder. 
Frequently this can be remedied by enlarging or narrowing one 
or more of the “ snore-holes” an inch or two; and the practised 
eye of a skilled furnace-builder must here frequently supplement 
the drawings. In order to avoid the damaging action of the 
direct flame, the firegrate is either placed very much below the 
pan, or a perforated (pigeon-holed) arch is placed between, as 
shown in the diagrams. 

On the Continent it is the almost universal custom to heat 
the ^decomposing-pans by the waste fire of the muffle-furnaces. 
This not merely effects a saving of fuel, but it also almost 
entirely prevents cracking of the pans by an excess of heat, 
and admits of employing an inferior, kind of casting, which, 
however, will tell on the life of the pats*-- In England the 
sany arrangement is frequently found in some of the best 
managed works, but in many others it is preferred to heat the 
pans by a separate fire, which makes than independent of the 
work of the roasters and admits of getting through a maximum 
of work. This, of course, refers to muffle-furnaces (blind 
roasters). Open toasters should always be provided with 
separately fired pans. A very good arrangement is this: 
ordinarily the-jxin is-heated by the waste fire of the muffle, 
but whenever the pan is under repair the furnace-fire can be 
sent directly to the chimney by a separate flue. 

At some alkali-works the sulphuric acid, which is conveyed 
direct from the sulphuric acid works in a lead tube, arrives 
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sufficiently hot, for instance from the Glover-tower or from 
a tank where tower-acid alid chamber-acid are mixed. Hut 
where this is not the case, thtye ought always to be a'spccial 
small pan provided hr heating the sulphuric acid , made of cast- 
iron lined with l<*id, or of acid-proof stoneware, heated by the 
waste-heat of the pan-fy e or by a steam-pipu, and at the same 
time serving for measuring off tluKacifl required for cac) 
operation. It is fof this purpose furnished with a glass float 
or v ith a fixed leaden scale The ‘outflow ol the actii from the 
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measltring-box into the pan is produced by a perpetually filled 
siphon, for instance, on<j like Fig. 19. The sulphuric acjd in 
this small pan is heated up to t 8o° or 100“ C.; without this 
preheating it is much more difficult to keep the decomposing 
pan from cracking. . * 

The running-in of the acid into the pan has also to be care¬ 
fully attended to. If there is sufficient fall at disposal, tfie a cj d 
ought always to be run in at the top, in the centre of the pan- 
arch ( close to it; for this purpose there is usually a short cast-' 
iron pipe ptjnided, firmly connected on the outside with the 
lead pipe conveying the acid •from the measuring-box, and 
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frequently ending inside wt\ji a rose lor scattering the acid in 
a fine spray. In this case the acid always runs on to t^c s ilt 
previously thrown in, without doming in^o.immediate contact 
with the pan, and the cast-iron pipe itself lasts a considerable 
time, because it becomes hot and no acid can* ever lodge in it. 
If, however, the measuring-vessel has bit placed lower down 
and the acid must be run into the pan sideways, this must never 
be done along the edge ■ >f the pan, because thus a clymncl will 
soon be formed in this place, and a crack will be the consequence. 
In this case the lead pipe must be put into a casUiwfl one, 
projecting pretty far into the pan, so that the ifcid may get to 
the salt itself without running down the pail. This pipe will 
not last long, but it saves the pan. Stoneware pipes, etc., cannot 
be employed, even if they would stand the changes of tempera¬ 
ture, because the men too often push their tools against them 
and thus break them 

Saltcako Pans combined with Reverberatory Furnaces 
(Open Roasters). 

In the first edition of this work, p. 72, a combination of a 
pan with two reverberatory furnaces is shown, where, as all the 
acid vapours were mixed with fire-gas, only hydrochloric acid of 
4" to o Tw. could be condensed, which was partly used for 
bicarbonate, but mostly run to waste. Such pans with the 
roaster-fire heating them from the top were even then only 
exceptionally met with. ^Now that muriatic acid forms an 
essential economic factor at sifltcake works, such an arrange¬ 
ment is simply impossible. • 

Muth better is the combination where the pan-gas, and the 
gas from a reverberatory furnace are taken away separately. 
Such a construction, which has ig practice proved entirely 
successful, is represented in Figs. 20 to 23. 

The diagrams will be understood without much explanation 
(all the dimensions are marked in metric measure). -Fig. 
20 is a sectional elevation through the lind A B Of the plan; 
Fig. 21 a .sectional elevation through the line C D of the pre¬ 
ceding *" pre; Fig. 22 an outside elevation; Fig. 23 a sectional 
elevation through the line E F of the plan. The pan in this 
case is provided with a flange and'upturned edge aude dome¬ 
tt 
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shaped roof, which has to be takgh down and built up every 
time a new pan has to be put in. This, however, only takes 
a few hours, and *tlje arrangement affords absolute security 
against any escape of hydrochloric-acid «gas from the pan into 
the chimney. 

The fire of the waste travels front* the grate a , through the 
roaster b, into the flue r, and then into the condenser for roaster- 
acid ; the.gas of the pan d g«es independently through e into 
the pan-condensers. The roaster has two working-holes, / /, 



with bars for supporting the tools, and with doors made of a 
firt-clay tile in an iron frame, balanced by a chain, pulley, and 
weight, as shown at g. h ia a balanced double damper of cast- 
iron, running in a groove of the gangway between pan and 
roaster,'and \u\ed with salt. Such double dampers, kept 
asunder by stay-bolts, are preferred, because single dampers 
are veiy quickly \t’orn out at the edges by the acid vapours, 
and then allow the parf-gas from d partly to escape into the 
better-drawing calciner b\ since the space between the two 
damper-plates is filled with salt.it is kept sufbof ently gas-tight. 
The flange of the pan is* interrupted at i and k for the 
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charging-door and the showing-hole. I is the funnel for the 
sulphuric acid, which, if there is sufficient fall, is better, placed 
near the centre of the arch, so that the acid will run into the 
middle of the pan on to'the salt; otherwise, as mentioned above, 
a cast-iron pipe ("quickly wearing out) has fo be used. The 
diagrams show how the fireplace bclo\^thc£an is laid out so as 
to protect the pan-bottom from the direct action of the fire ana 
to heat it as equally as ptsssiblc. Thetuzes of the snoreWioles, etc., 
are all results of experience. Exactly the same sizes must be 
chosen if the pan is not, as drawn here, provided vilb-^T dome 
resting upon its own flange, but with a barrel-arch independent 
of it The fire on the grate m is covered by the arch », which 
fs pierced only sideways with holes, whose section becomes 
larger from front to back ; thus the pan-bottom is not in direct 
contact with the fire. The fire plays all over the pan ; but it is 
first kept in by the circular wall o o, and escapes only by its holes, 
different in size, according to the direction of the draught, into 
the outer annular space, where it heats the upper part of the 
pan, and ultimately into the flue p. 

In the case represented here the pan is placed at the end of 
the roaster, and both arc charged at the same side. Conse¬ 
quently the working-door of the pan is at right angles to the 
shoving-hole. The conveyance of the half-finished saltcakc is 
effected by “casting” it with a long-handled shovel, curvCd’so 
as to fit the pan-bottom. Such pans are called" castijig-pans." 
If the shoving-hole is just opposite the working-door, the charge 
is pushed or shoved ovcj^irith a long-handled rake shaped so as 
to fit the pan bottom, and the pan is called a “ shoving-pan.” 
The funner kind of labour is rather easier than the latter; Blit 
the arrangements must suit the locality. Sometimes placing 
the pan in the centre o# the back of the roaster cannot? be 
avoided, in that case the charge* must always be “shoved." 
The fireplace of the pan may also be placed sideways, instead 
of cndwr.ys, but preferably not at the same side as the working- 
door, because then the fire-cave would have to he arched-ovcr. 
Sometimes the sole of the reverberatory furnace is heated from * 
below by the waste pan-f.re. * 

11 tpen roasters are heated either by coke or coal. The 
former is dearer titan the latter, especially as the cheaper 
gas-coke docs rv.t answer very* we\\, since it. burtrs away 
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quickly ; and in the end the more expensive oven-coke pays 
better), because there is much less of it used Many works burn 
their own coke fof this purpose from suitable coal. Still coke 
fires arc mostly preferred to' coal, becao’se with the latter very 
much soot is fqrmed, the fire-gas being considerably cooled by 
the evolution of acSd valours on the roaster-bed ; and in order 
to prevent the pipes and condensers from being stopped up with 
soot, the former must be ittadtf very wide, and the latter packed 
very openly with loosely placed bricks. They must also be fed 
with a'atrong jet of writer, in order to wash the soot off the 
bricks, so that it is scarce!)’ possible to obtain strong acid. The 
condensed acid, mostly only 4" to 6° Tw., containing very much 
soot, will only do for evolving carbonic acid for the manufacture 
of bicarbonate, hardly even for the recover)- of sulphur from 
alkali-waste by Mood's process (now obsolete). On the other 
hand, if coke is used in the roasters, the condensers can be 
packed much more closely, as no soot has to be dealt with ; the 
water need not be run in a strong jet, and acid of 23° to 28° Tw. 
can be obtained which will do very well for making chlorine, 
and which, by suitable means, can be made even stronger, as we 
shall sec below. 

Muffle-furnaces (Blind Roisters . 

The blind roasters (muffle-furnaces 1, for calcining the half- 
finished sulphate, are distinguished from the open roasters 
described above, by the fact that the ftsqie in them does not come 
into immediate contact with the charge, but only acts indirectly 
through the bed and the arched roof, which together form a 
dosed muffle. Accordingly the acid vapour formed in calcining 
s hot mixed with fire-gas, and can*’thus be condensed much 
nore easily than the gas ffom open roasters, as it is both less 
iilute ar\d not so hot. It is not, to be sure, so strong as the 
rail-gas, as it is mixed with more air, which gets in through the 
vorktng-doors during the turning-over of the charge; it is also 
nuch hotter and less pure than pan-gas, owing to the sulphuric 
icid escaping during the finishing operation. 

At many works, accordingly, the gas from blind Masters is 
condensed separately from the pan-gas, especially if acid is 
made for sale; where all the acid is used up at the works, the 
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gases mostly go into the slime condenser. One instance of a 
blind roaster has already been given in connection with a lead 
pan (p. 94). Another conslruAion is sho\ya in the firs? edition 
of this work, Figs. 41 tp 47, pp. 79 to Si, where the pan and the 
roaster have eaclT a separate fire, which is necessary in forced 
work, such as is usual'in England. .It # wilf suffice for our 
purposes here to show the section l/g. 24. 

The muffle-arch •behind the Zirc^ridge, where thij first heat 
ol the fire meets it, is a full brick strong, and covered besides 
with “half-thicks"; these are left out in the second Uiir^of the 
length ; and the last third is only half a brisk strong. The 



Pig. 34. 


whole arch is covered with at) inch of fireclay, moistened with 
weak soda-liquor, by which it is caused to frit together ani to 
become more gas-tight. Of course the best firebricks must be 
employed, the joints mu*t be made very narrow, and the %'hole 
masonry must be as solid as possible. The best height for the 
arch is 9 in.: it cannot well be made flatter without detracting 
from its stability ; and if it is made higher, the radiant heat acts 
less upon the charge. It springs at a height of 12 in. from 
the bed, so that its crown is 21 in. above“thc same Thj 
upper arch at the widest place fs 12 in. apart from the 
mufflt - ch; at the narrowest (in front) it is only 6 in. 
Both arches arc supported on metal plates covering the furnace 
from the outside and hfld together by uprights aijd bracing 
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rods. In front the plates are 3 ft. high, at the back only 2 ft. 
They arc about 1 in. thick, and on each long side require 
ten uptlghts, usualjy formed of 4-in. railway rails, and cross¬ 
bars of J-in. square- or 4-in. round- iron. „ The flames of the two 
fireplaces travel ever the muffle-arch divided by a thin wall, 
and unite at the far end, and then descend by several down¬ 
draughts. Here is also tVc gangway between pan and roaster, 
together with its damper. 

These parts of the furnace must be very carefully built, as 
they avowtry much exposed to wear and tear. 

The gangway is all lined with metal plates. The damper 
has a projecting top flange for a sand lute. It wears out very 
quickly, and a double damper, as shown in Fig. 20 is preferable’ 
here also. Relow the gangway the flues unite into a common 
cross flue. The flame then travels towards the front in seven 
narrow flues; it is here reunited by another cross flue, and at 
last carried towards the chimney. The seven narrow flues are 
so made in order to allow the furnace-bed to be made of 
ordinary 9-in. firebricks, which arc employed on the flat, or 
2| in. thick. It is preferable to employ two courses of half- 
thicks (split-bricks), crossing each other. The dwarf walls 
separating the flues should be 9 in. thick, so as not to burn 
away too quickly. The flues are 5 in. wide; so that a 
9-in. brick has a good hold on each side, and in the front 
they are continued into cleaning-out holes, usually closed. The 
bottom of'these "flues is strongly inclined towards one of the 
cross flues to facilitate cleaning. The acid gas is taken away 
by a lateral ascending channel, s l bmetmh:s by a cast-iron pipe 
limyl with bricks, passing through both arches; but the cast-iron 
|uick!y wears out, and may cause the muffle-arch to crack, 
Ipstcad of making the furnace-bed of 9-in. firebricks, at 
nany works fireclay slabs i\p to 2 ft. square are employed, 
vhen the number of bottom flues is diminished to four. An 
nstancc of this kind is the furnace represented in Figs. 25 to 27. 
The flame, travelling from front to back over the arch, returns 
n two'lateral flue-, underneath the bed and again goes forward 
in two other central flues. If very good fireclay slabs can be 
had, the construction shown in Figs. 25 to 27 is preferable to 
that described above, since the bottom flues are, more easily 
cleaned out, and there are much fewet joints in the bed. The 



MUFFUE-FURNACES 


105 


reclay slabs must, however, be of very good quality for this, 
nd must be made with rabbited ends, as shown in Fig. 28. 

The muffles are frequently Made much^lqnger than they are 
now’ll here—for instance, 25 or even 30 ft. long inside; they 
annot be made any wider, owing to the difficulty that would 
ccasion in turning overt the charge, ^y ijaktag the muffle as 
irge as possible, the heat of the fyel is better utilised, an 1 
ie layer of stuff te much thiryier y and therefore much more 
asily turned over and mixed. 



Fic. 25. 


Figs. 51 to 54 and 56 to 59 of the first edition of this 
aook show furnaces in'which *the waste fire of the muffle heats 
:he pan. We shall refer to this plan again when describingjhe 
ulus-pressure furnaces. 

Bair (Ger. P. 43240) ^instructs the ceiling of saltcake muffles 
uy arranging a number of archgs in the form of a grid, the 
ntermediate spaces being covered by thin porcelain slabs which 
transmit the heat more easily than an otdinary Jorick arch. 
Lateral openings admit of getting at the inner thin arch for 
•epairs without pulling down the top arch; but this mu$t be an 
iwkward operation after all. • 

C' % (B. P. 1098, of 1879) proposes replacing the double 
arch by a single arch, made of hollow bricks, tho hollow spaces 
^eving as fire-flues. (This construction must be very liable to 
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the formation of cracks in the ceiling of the mufflt, aim the 
repairing of such cracks is very difficult.) 

The plan of heating the pAn by the \va$tc fire of thV muffle 
is not always more economical than firing the pan separately, 
at least not where it is considered a primaryoobjcct to turn out 
the largest possible quantity of work ^ for yhi tevrr is saved in 
coal is more than outweighed by ythe increased labour, the 
multiplication of fuftuiccs; etc. Jn tfie Belgian works, according 
to Chandelon, 1 a blind roaster decomposes about 3o to 36 cwt, 
of salt in twenty-four hours ; in Lancashire, however, he states the 
daily make at 11 to 12 tons of salt. The latter is»cxaggerated : 5 
tons of salt daily is a fair average, 8 tons a very good make for a 
"blind roaster ; 12 tons daily are only decomposed in open roasters, 
and even with these but rarely, 10 tons being considered very fair 
work. I11 France and Germany, even in large blind roasters, 
the usual quantity of salt decomposed is 2?, toils in twenty-four 
hours, rarely 3 tons. According to Chandclon's latest report, 2 
most Belgian works then decomposed not more than 36 cwt, and 
very few as much as 72 cwt. With this slow work, certainly, the 
muriatic acid can be more completely condensed than with very 
quick work. 

A peculiar construction is that sketched in the Sixth Report 
by the Inspector on the Alkali Act, p 66. In order to avoid 
the drawback of a*complicated construction, and the liatylity 
to getting out of repair, of the blind roasters, only the bottom of 
the roaster is fired, and that from below, thu.? doing*away with 
the risk arising from cracks in the arch. The heat is very 
evenly distributed by flees, $0 that the bottom does not burn 
through very quickly. The flame afterwards heats the ;jan. 
Altogether the coal used is said to amount to 33 per cent, 
of the weight of salt Recomposed. The pan-gas goes *away 
along with the roaster-gas, whiclj is not mixed with fire-gas. 
This style of furnace has not been adopted elsewhere. 

. * 

Comparison of Open and Blind Roasters. m 

Whether blind or open roasters fijr calcining the half-finished: 
salti ak<j are preferable, was formerly an open question. In the 
Tyne district none but open roasters were .found, but in 
1 Monit. Scienl., 1864, p. 5c t. ’•Hull . Soc. Km., 1871, xyii., p. 322. 
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Lancashire these were employed only where no strong muriatic 
acid was made, otherwise blind roasters alone were used. 
Messrs'Tennant had ^ot blind masters at the older works near 
Glasgow, but open ones at the new works at Hcbburn. This 
alone proves that* something is to be said on both sides. The 
advantages of blhid Roasters are as follows :— 

1st. Better condensatic^i of the hydrochloric acid. 

2nd. Stronger muriatic jieid, • * 

3rd. Cheaper condcnsing-plant. 

4tlj. The use of coals (not coke) for firing. 

5th, A having of sulphuric acid. 

The advantages of open roasters arc :— 

1st. A larger turn-out of saltcake. 

2nd. Less liability to need repairs. 

3rd, The impossibility of acid vapours escaping otherwise 
than into the condenser. 

4th. Greater facility of making strong sulphate. 

Of course the circumstances that appear as advantages of 
blind roasters correspond to drawbacks in open ones, and 
vice versa'. The defenders of each system have consequently 
striven to do away with the drawbacks of their system, and 
in many respects with success. We will now go into this 
matter in detail. 

(1) Condensation of Hydrothloric Acid —It stands to reason 
that the gas from the blind roasters is much more easily 
condensed than tnat from open roasters, as the latter is hot and 
diluted with a large quantity of fire-gas. The condensation 
of open-roaster gas is indeed impossible with the Woulfe’s 
bottles, formerly general on the Continent. Owing to this, in 
1856, blind roasters were made compulsory by law in Belgium. 
Nowadays we have got much beyond this. The bottles have 
been replaced parti)', or even entirely, by towers filled with 
coke, bricks, etc., and it has been recognised that the main¬ 
spring of a'l good condensation is the best possible cooling. In 
modern plants the tendency is all towards the use of water- 
jackctcu condense.s, .usually of glass. If a sufficient cooling- 
and condcnsing-space is provided, even the acid vapour from 
open roasters can be completely condensed. Indeed, whilst 
the former reports on the Alkali Act (up to 1867) seemed 
to show a much larger escape* of acid vapours from open than 
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from blind roasters, it was discovered that the latter lost a great 
deal of gas through leakages directly into the chimney which 
could not be detected by the Inspectors, since they usfm'.ly, up 
to the last few years, merely tested for ant- acid vapours 
remaining in the* gas* after passing through the condensers. 
Since this source of losAhas been more completely investigated, 
the reports actually showed better condense ion in the Tine 
district, where only upon roajlery were used, than in the 
Lancashire district. The investigations of llr *k. Angus 
Smith himself and of his colleagues drew the alkali-bakers’ 
attention to this source < loss, and Uv* gratifying Consequence 
was that much greatc, care was taken in the construction of 
•blind roasters. YVc must <- ’-c it as established that there is no 
proof whatever of a mo r ..tplete condensation of the gas from 
blind roasters, hut L is certain that the gas is more easily 
condensed than that from open roasters. 

(-) Strength of the Condensed Acid.— In the case of blind 
roasters the roaster-gas is cither condensed along with the 
pan-gas or in quite similar apparatus. If the cooling is 
sufficient and the supply of water properly regulated, nearly all 
the muriatic acid is obtained in the strong state, and the liquid 
running away from the wash-tower only shows i' or even o' on 
the hydrometer. On the other hand, the gas from open 
roasters is condt nSed in separate towers. Formerly in .this 
way merely weak acid, only fit for bicarbonate or for sulphur- 
recovery, was obtained, most of which w.ts run* to waste. 
Latterly, however, many works, by increasing their cooling- 
channels, etc., have succeeded in obtaining a large portion of 
the open-roaster acid sufficiently strong to be employed, m*rd 
with the pan-acid, for making chlorine. Thus the open roasters 
have partly made up fo^the start which the blind roaster* had 
over them in this respect. It is,unlikely, however, that open 
roasters will ever be made as efficient as blind roasters in 
this respect. . » 

(3) Cheaper Condensing-plant. — Undoubtedly, for an equally 
good condensation, much less condensing*plant is used for 
blind than for open roasters. • 

(4) Employment of Coal for Firing .—Open roasters are mostly 
firec /ith coke, in erder to avoid soot and ashes, fees on account 
of the quality of the saltcake, i£ this is used up at,once, than 
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because with coal, in spite of dust-chambers, the condensers 
would soon be stopped up and the disagreeable task of repack¬ 
ing theAi would occur very frccfucntly (if. p. 102), It is true 
that a greater absolute quantity of heat is required for a blind ^ 
roaster; but although the effect of the direct flame in the optALj 
roasters is much theater, the deficiency is partly made I'fJJfc 
again by the more thaiudouble length of path travelled 
the (lame in a blind roaAfr. ,At all cveitts, the fuel of the 
muffles is cheaper. At few works only were open roasters fired 
with coal, and only in cases where no strong acid was wanted, 
as the soot'munt always be washed down by means of a strong 
jet of water in the condensers. Nowadays this process is un¬ 
doubtedly not practised anywhere. • 

( 5 J Sirring of Sulphuric Acid for decomposing the Salt .— 
Such n saving is undoubtedly effected by blind roasters against 
open ones, as will be subsequently shown in detail. 

We now turn to the points in which open roasters seem 
to have an advantage —(1) to the larger turn-out of saltcakc. 
This is indisputable. The calcination in an open roaster is 
much quicker than in a blind one. The charge is always finished 
by the time the next charge in the pan is got ready, while with 
a blind roaster the pan-man must usually wait till the roaster- 
man has finished. Owing to this, a quarter or a third more 
saltfakc is made in an open roaster than iti a blind one. The 
pan also suffers less, as it has not to stand so many changes of 
temperatufe, wliifli occur because the pan-man has to slacken 
his fire when waiting for the roaster-man. This seldom 
happens with open roasters, and Amsequentlv with these much 
m«fe saltcakc is usually got out of a pan before it cracks. The 
drawback in question can tie avoided by putting two blind 
roasters to each pan ; but this means^i good deal more space, 
prime cost, and repairs. t 

(2) A still clearer drawback of the blind furnaces is their 
liability towed repairs. This, indeed, is their weakest point. 

It is against the. nature of a muffle to be made of very sub- 
stantiaf brickwork a.-* it would conduct the heat loo slowly and 
incompletely. The thin hollow bottom and the arch of a 
muffle suffer much more from wear and tear than die solid 
bottom and arth of an open roaster. Besides, any; considerable 
repair of ^he inner arch can only be tnadc after removing the 
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upper arch, whether the latter wants repairing or not. The 
space between them must not be large enough for a man to 
work in, since, if it were, the flame would travel alAvig the 
upper arch and would communicate but little heat to the lower 
one, that of the .roastbr itself. The scale turned still more 
against blind roasters \yhen attention was drawn to the fact 
that frequently acid vapours escaped Tfom J thc muffle into the 
outer flues, and thus got into t'»e chimney without any 
condensation. Owing to this, tire work had frequently to be 
stopped for repairs to be made, long before the brickwork had 
suffered very much from the heat. Later on, hqwcicr, by very 
careful construction and by employing .cry good material, 
•blind roasters were made to stand much longer and to keep 
much tighter; for instance, arches are made much tighter 
against gas by using specially moulded bricks, Fig. 29, which 
are joined with a very thin layer of fireclay mortar ; thus the 



Fig. 29. 


thickness of the muffle-arch can be reduced to 4! in., and a 
much better heating-effect can be produced. In this respect 
everything depends* upon the experience and skill of the 
manager, the mason, etc. 

(3) Greater Security against the Escape of Acid Vapours 
directly into the Chimney. —A loss of acid-gas may take place 
cither from the pan or the roa iter. As regards the pan there is 
of course no difference between the two kinds of roasters, as they 
have the same pans, and in describing these we have seen how 
this fault can be avoided in constructing and setting the pans. 
But the roasters behave very differently. In open roasters all 
gas passing through the furnace, both acid-gas and fire-gas, gets 
into the condensers. On opening the doors and drawing the 
charges some acid vapour may get into the working-sheds, but 
this is very little; and as the workmen are the principal 
sufferers by it, they always do their best to avoid it. By fixing 
gas-hoojs over the working-doors this loss may be reduced 
almost to zero, if the hoods are not connected with the chimney, 
but with a separate small condenser made of stoneware pipes. 
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say 2 ft, wide and 20 ft. high. I11 the case of ordinary blind 
roasters, however, there is always a stronger pull in the outer 
fire-dud's than inside the muffld; consequently, by the slightest 
crack in the arch a certain, often a large, quantity of acid 
vapour will gel i^to the fire-flues and Jscape into the chimney, 
without passing* through the condensers. Any cracks in the 
furnace-bottom are less clangorous, as these, being filled up by 
melting saltcake, do not\gllo^ any gas t« pass through; but # 
sometimes whole tiles fall in and cause a great loss of gas. 
As tljc arch must always be thin, it is all the more liable to 
crack Consequently, blind roasters can never be trusted, but 
several times daily the air of the fire-flues must be tested by 
aspirating a certain volume through distilled water and titrating 
with nitrate of silver. It is best to test, first of all, the main 
due, if there is one, into which all the saltcake-furnaccs lead; if 
this is found faulty, the furnace-flues must be tested singly, 
in order to find out the individual furnaces at fault. Without 
this precaution large quantities of gas may escape unawares 
and may cause much damage and nuisance. 

This very serious drawback caused some manufacturers who 
had worked with blind roasters to abandon them altogether for 
open ones; but since it has been overcome by the “plus- 
pressure furnaces” (see p. 113), this argument in favour of 
open roasters is no longer applicable. * 

(4) Stronger Saltcake .—Owing to the higher temperature of 
an open roaster,‘it is much easier to calcine the saltcake and to 
decompose the common salt completely. In blind furnaces this 
can only be attained by employing a large area and consequently 
a -cry thin layer of material, and spending a good deal of time 
over the calcining process. This, of course, is much easiet with 
fundees possessing two muffles to one nan. 

t 

Gas-furnaces 

A construction intended to combine the advantages of open 
roasters with those, of closed ones is the gas-furnace, first 
proposed by Dr Fletcher, and carried out in practice in several 
modijtartions in Lancashire, for instance, by Mr Wigg of 
Runcoffl. The gas produced in Siemens’ generators is con- 
‘ Jed through an underground flue both to the calcining- 
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furnace and to the pan. It is lighted, and the air admitted 
through five air-slides in the fjord end of the furnace.. The 
method employed for heating the pan is ‘very rational one. 
The flame issues bclov; its centre, and is drawn off by four 
flues, so that it spfeads ijuite equally. It can* Jrc regulated at 
will by opening or closing the gas- and air*dampcrs much less 
than fora direct fire, and with the g,yi-fire the pans are much 
Jess liable to breakage, 'file calfcining-furnacc is heated by a 
separate gas-flue, first indirectly, through the flags forming its 
bottom. The flame returns over the bottom antU heats the 
charge upon it directly. Fiom this, however, arise several 
drawbacks, which have caused the system to be abandoned 
again in some cases In the first place, the furnace is too long, 
and the flame, which has already travelled underneath the 
bottom a distance of 30 ft., in order to return over the same, 
cannot bring more than a fourth or at most a third part of the 
furnace-bottom to a heat sufficient for finishing the sulphate. 
This can be avoided by making two beds of 13 ft. length each, 
assigning one of them to each pan. Hut even then the sulphate 
easily fluxes through the joints of the plates and stops up the 
flues underneath. This happens much more readily than with 
ordinary blind roasters, because here the flame travels first 
over the arch and thej) under the bottom, which thus does not 
get so hot. The object of the arrangement was to produce, by 
means of the gaseous fuel and the regulation of«the ain* a flame 
quite free from smoke and not containing a large excess of air, 
and thus permit the producticyi of as much strong muriatic 
acid by a reverberatory furnace and a coal fire as with a blimj 
roasterj but this has not proved to be the case. Moreover, 
this, like all other gas-furnaces for decomposing salt, consumes 
more fuel than hand-fire# furnaces, no doubt because in t^is 
case the principle of recuperation *of the heat has not been, 
and perhaps cannot be, sufficiently observed. , t 

Gamble’s gas-furnace will be described below, as it belongs 
to the plus-pressure furnaces. 

Plus-pressure Furnaces. 

This mfmc has been adopted for a type of fur/iacc intro¬ 
duced in 1876, in which thp escapf of acid-gas through any 
leaks In the muffle into the fire-flues, whence it goes tJirectly 

*• • H 
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into the air, without passing through the condensing apparatus, 
is avoided as follows: The draught within the muffle is made 
stronger than in "tlie fire-flues surrounding it, which means 



Fig. 30. 

a “plus-pressure" in the latter. In the case of any leaks in the 
muffle the acid-gas will not escape from this into the flue, but 
on the contrary a little fire-gas will enter the muffle, This 



does comparatively little harm, and at all events stops the 
formerly ceaseless complaints about the escape of hydrochloric 
acid from'the chimneys. 

. 1 * 

Thtf object in question can be attained in various ways. 
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Muspratt (B. P., 4th May 1877) causes an excess of pressure 
in the fire-flues by dispensing with chimney-draught and 
forcing air underneath the grate instead. ’ He also admits 
more air in other parts, of the furnace for burning the carbon 
monoxide. Gamble’s furnace is represented *t; Figs. 30 to 33. 
Here a blind roaster is Tired by means of gas-producers; the 
air required for combustion is heated by passing through a 
system of iron pipes, whiefi, on their part, arc heated* from the 
outside by the waste heat of the furnace-fire. The escape of 
acid vapours from the muffle into the fire-flues, through’ any 
chinks, is to be avoided by caiefully adjusting the dampers so as 
to put the gas in the generator under a somewhat higher 



Fig. 33. 


pressure than the gas inside the muffle. This is not very easjj^ 
since tjie pressure inside the muffle varies considerably, according 
to the rate at which acid vapours arc given off; but with a little 
care the object can be atfSincd. In another furnace, built later 
on at the same works, the ash-pit was closed and the air 
necessary for combustion was forced in by p Root*' blower 
partly below the grate, partly after being heated in the above- 
mentioned iron tubes, above the fire, in ortjerUo complete the 
combustion. , 

Identical in principle with this are other constructions, in 
which the*blast of aiHs produced by a fan-blast or. by a steam- 
injector. The last-mentiqned prpeess has been found least 
economical, as might have been predicted. 
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in a very good Gamble’s furnace, the principal portion of 
the aij- was superheated to 6jc'' by a large number of iron 
tubes 9 ft. long. It then entered the furnace through four pipes 
just over the fire-bridge, passed first over the muffle-arch, then 
underneath its .sole, and brought th</mufffe to a bright red 
heat right up to tilt? bach end. Here ‘twenty charges of 16 cwt. 
of saltcake were made ewry twenty-four hours, or too tons in 
six days.* The cost of fuel vis 2s. per ton of saltcake, inclusive 
of the (specially fired) pan, which meant a saving of 33 per cent, 
against thc«prcvious state. 

Deacon's h un/ace —The plus-pressure furnace most widely 
employed, and which may be considered the best, is Deacon’s; 
it is certainly very simple in construction and working. It is 
shown in Figs. 34 to 37, on a scale of „ , f[ . Its principle is simply 
thisThe fire-grate is placed at a considerable depth, about 
11 ft., below the top of the fire-bridge, whereby a chimney-like 
shaft, a (3 ft. C in. X4 ft. wide), is formed, in which the gas rises 
from below the bars with a good deal of pull, so that further on, 
that is round the muffle, all the less draught is required. To aid 
in this, Deacon at first arranged “breaks,” that is, holes in the 
due leading from the furnace to the chimney, through which air 
was allowed to enter, in order to diminish the pull round the 
muffle; but this was abandoned later on.. In the shaft a there 
are two air-holes, serving also for cleaning out ashes, below the 
fire-bars,.which wire 2 ft. 6 in. above the bottom of the ash-pit. 
The bottom of the fire-door is 19 in. above the bars; the 
fire-door itself is 10 in wide ^nd 15 in. high; above it, just 
_bclow the fire-bridge, there are again two holes (8 in. x 12 in.) 
~for introducing air. Everything else can be seen qujje well 
from the drawings. In these the pan is protected against too 
strong an action of the fire by making the fines below it very 
deep. In other cases, wheVe it was awkward to go too much 
down intf the ground, shallower flues have been made and the 
pan has been protected by a curtain-arch. The fire-gases 
issuing at E are.-best carried underneath pan for warming up 
the acid, before going info the main flue. 

The introduction of the plus-pressure furnaces has not 
merely put, an end to the complaints about leak nig arches, 
which led to frequent stonpages for repairs, but has also 
produced everywhere a considerable saving of fuel, about 30 
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per cent ; probably because it was necessary to regulate the 
supply of air both below and f abovc the fire-grate with great 



Fig. 34. 


nicety, wtiich led to more careful firing altogether. From 
figures gi\. n by Gam*ble in the Seventeenth Report''oh the Alkali 
Acts, p. 44, it is clearly seen that* formerly much too# little air 



118 SAL^TCAKE AND HYDROCHLORIC ACID 



was used in the combustion, and much carbon monaxide was 
formed. This drawback was done away with by admitting 
heated aiy above the fire-grate, and the fire-gases now averaged 
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16-3 per cent. C0 2 and 2-4 per cent. O, with mere traces of 
CO. The consumption of fuel, which was formerly from 7A 
to 10 cwt., went down to 4J cwt' , 

According to the Alkali Report for 1891 (No. 28), the plus- 
pressure furnaces »werc^ constantly gaining ground over the 
mechanical furnaces, because they pruduccd,moVc strong hydro¬ 
chloric acid; but the 'Thirty-eighth Report (for 1901) states 
that coal suitable fof plus*prcssu#e furnaces cannot be obtained 
everywhere. 

Recently the use of mechanical furnaces has been extending, 
anrl the present tendency appears to adopt them.* * 



Fig. 37- 


One drawback connected with the plus-prdssure furnaces is 
not mentioned in the publications thereon, but is caused by 
the nature of things, namely, die greater dilution of the gas in 
the muffle as compared with ordinary blind roasters. Accord¬ 
ing tb trustworthy communications from a competent source, 
the gas from plus-pressure furnaces contains only from iqo to 
200 grains HC 1 per cubic foot, equij to from 12-3 to 21 per cent, 
by volume, together with some steam and a little S 0 2 and S 0 3 . 
In England it is not easy to make from it stronger*acid than 
30° Tw. On the Continent, where troughs- and stoneware 
bottles in front of the coke-towers art more abundantly 
employed, the acid can be made stroller than the above. 

Saltcake -f urn ices worked with High-pressure Gas. —Zahn 1 
states that these are quite different from the ordinary pius- 
1 Chem. Zeit ., 11/35, p. 623. 
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pressure furnaces, in which there is a great excess of air which, 
as he says, acts injuriously as to wear and tear. When real 
high-pressure firing js employe?!, that is, gas-producers with a 
very deep layer of fuel, the utilisation of the heat is much 
better and the near and tear less, sirfee the flame is purer. 
[This distinction lqpks decidedly artificial. Furnaces worked 
by producer-gas are only a kind of plus-pressure furnaces, 
ahead)' well known. To this glass belong'all saltcake-furnaces 
in which the gases do not have a tendency to escape from the 
muffle into the fire-flues, but I'icc-versd ] 

Reuss 1 Males that the high-pressure gas saltcake furnaces 
arc more and more spreading in German)’. 

(lateral Rules for Saltcake-furnaces. 

I he following rules hold good for all saltcake-furnaces. It 
is advisable to paint, not merely all the metal parts, but the 
whole of the brickwork outside, with hot coal-tar, and to repeat 
the painting when the furnaces are hot. Thus both the iron 
and the brickwork will be protected against the rapid corrosion 
to which the)’ would both be subjected by the muriatic acid 
vapour I bus protected, an open furnace goes a long time 
without any important repairs, except occasional!)' renewing 
the lining of the fireplace. But, in the nature of things, the 
muffle of a blind furnace cannot but require frequent repairs. 
In the first place, it must be very thin, so as to be more readily 
penetrated by tl'e beat . secondly, its outside is acted upon by 
the fire and its inside by the acids, and the bottom is injured 
by the mechanical labour of turning over the saltcake; thirdly, 
"wren the smallest crack must not be neglected, but the furnace 
must be stopped in order to repair it, so as to avoid losses of 
acid vapour. Consequently, it is muck better not to place the 
acid-gas flues on the top oT the arch, but sideways. 

In regard to the brickwork of the pan, the lining of the fire¬ 
place and*thc arch over the grate suffer rather much if the work 
is pushed hard,, and must be pretty frequently renewed. The 
upper part (or, ill case of heating by waste heat, the whole) of 
the fire-flues suffer very little. The arch over the pan, if built 
independently of it and well constructed, may last ost several 
pans. • ‘ • 

, 1 Chem. Z\it ,, 1908,' p. 231. 
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Process in Saltcake-fornaces worked by Hand. 

The process with cast-iron Uccoinposin^-pans is distinguished 
from that which is carried on in lead pans principally in that it 
can be accomplished n^ich more quickly, beganse greater heat 
can be employed and th&re is no fear of tljp tools injuring the 
pan. Working for a large turn-out is consequently possible with 
cast-iron, but not with lead pans. 

The pans, after moving their contents into the roaster, must 
be cleaned from crusts as much as possible; to purposely.leave 
them in the pan, as is described in some plascs* is a grave 
mistake; for in the unavoidable interval up to the introduction 
•of the new batch such crusts burn fast, and cannot be dissolved 
again, causing the pan to crack before its time. Nearly all 
cracks in pans can be traced to the formation of crusts through 
unskilful or negligent work, except such as are owing to faults 
in casting, to bad setting, or to fair wear and tear; the former 
will come out almost immediately after starting a new pan, the 
latter only after a long time. After removing the crusts the 
pan is allowed to cool down a little, by opening the fire-door or 
by shutting off the gas in the case of gaseous fuel; in any case 
the pan must cease to be red hot, else it will suffer from the 
cold, damp salt, and even more from the vitriol; at the best the 
evolution of hydrochloric acid will in this case be much .too 
violent and cause the pan to boil over, blowing off gas through 
all the joints, and rendering the condensation Incomplete. 
In small works it may be possible to do as some advise—to dry 
and heat the salt before efudging. In large works this would 
be too troublesome, and the salt is nearly always put into the pji 
dired from the warehouse, with its natural moisture, usually 
varying from 2 to 7 per-cent, according to circumstances, ,It i: 
mostly shovelled in at the working-uoors. Hoppers for charg 
ing from the top are not frequently used, both because they 
much increase the weight upon the arch,- and btxause the 
pan-men have at any rate time for charging. Besides, the 

pan-bottom is cooled too quickly if the wh&le mass oT salt is 
suddenly let down into it, and in this case at least, the vitriol 
ought t» be heated pretty strongly and run into the pan first. 
It will not do to *rcly upon the salt sufficiently drying and 
heating within the hoppdr in the*interval before the next opera- 
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tion. Usually there is a metal plate in front of the working- 
door, and the quantity of salt weighed off for each charge has 
previously been lajd, down upon this plate against the pan¬ 
furnace, so that nothing is left to do but to shovel it in. 

The quantity *>f salt taken for eacl^batch varies very much 

in different works. . Hatches below 5 «cwt. of salt are as rare 

• • 

as those above io cwt for open roasters, or l6 cwt. for close 
roasters (in the latter case taking twice a? much time). The 
usual quantity in English works is 8 or 9 cwt. for open roasters, 
14 to J5 cwt. for close roasters Charges up to I ton are, how¬ 
ever, not unfJsual, On the Continent, where close roasters are 
all but universal, mostly smaller batches are made—for instance, 
at Aussig twelve batches of 8 cwt. each in twenty-four hours, at" 
Stolberg eight batches of 6 cwt. each in twenty-four hours. 

The purity and concentration of the sulphuric acid have 
already been considered (see p. 56), and its measuring, heating, 
and running-in (see p 95). As to the temperature of the 
vitriol, manufacturers are not agreed. It ought never to be 
below 50“ C.; but some use it upwards of 100' C. For the pan, 
the hotter the sulphuric acid the better; but if it is too hot, 
the hydrochloric acid is given off too fast, with the consequences 
previously described ; there is always, therefore, a medium to be 
observed. The temperature ought to be always approximately 
thc-same, in order to regulate the quantity of the vitriol—which 
is always measured, and whose volume is considerably altered 
by great change's of temperature. Temperature corrections 
would make the measuring very complicated, when added to 
the unavoidable corrections for differences in the strength of the 
wiphuric acid and the degree of moisture of the salt. Usually 
the moisture is tested once a day in the laboratory, and special 
table* enable the workmen to reduce the quantity indicated to 
them to that corresponding to the strength of acid they may 
happen to receive from the chambers. 1 

The tlk-oreticaf ratio of pure sulphuric acid to pure 
sodium ^chloride .is 49 04 to 58-46, or 83 83 parts sulphuric 
acid to 100 parts stxlium chloride. As acid of 144° Tw. 
measured at 15°C., contains 78 per cent. H_,SO ( , roo parts of 
pure NaCl answer to 107-44 parts of vitriol of 144 0 Tw. Now 

1 Such tables arc given in Lunge’s Technical Chemists’ Handbook , 
pp. 126 to 1^9. ‘ 
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pure NaCl is never employed; for instance, for a 95-pcr-cent. 
salt the requisite quantity of acid would be 79 62 per cent, of 
H 2 S 0 4 , or 102 07 per cent, of'acid of 144" Tw. In practice, 
somewhat more acid must be employed, especially if saltcakc 
for alkali-works has to made ; but other cr^es may occur as 
well. If, for instance, th® saltcakc is to be strong as possible, 
more than the theoretical quantity of*vitriol must be taken ; 
for, as it is impossible, at least iii hand-worked fur: ace\ to mix 
all parts uniformly and instantaneously, a little sulphuric acid 
will be volatilised in some parts of the mixture, where, it is 
in excess, whilst undecomposed common salt remains in other 
parts. If, therefore, the percentage of .-alt in the finished 
product is to be 1 per cent, or below, a little more vitriol must 
be employed, say 1 or 1J per cent, calculated as S 0 3 , in addition 
to that volatilised with the hydrochloric acid vapour. 

Some of the largest manufacturers assume, in the calculation 
of the sulphuric acid produced at their works, which is not 
measured directly, that for each too parts of salt of average 
moisture, say 5 per cent., 81-33 parts of ILSO,, are employed 
for making strong sulphate in open roasters. In this case 
Lunge found 82 per cent, necessary, and obtained from other 
factories the figures 82-5 per cent, for open, and 79-3 or 808 per 
cent, for close roasters. 

If, on the other hand, the saltcake is required to be entirely 
free from acid , for this very reason rather less than the 
theoretical quantity of vitriol must be employed, so that 2 or 3 
per cent. NaCl remains in the finished product. This should 
not be done for making alkali* 

In any case a larger excess of vitriol is used in open than 
close*roasters—in the former often 5 to 7 per cent, above the 
theoretical quantity, bqpause the greater heat and the <^rcct 
draught carry away a portion of i^bdfore it has had time to act 
upon the salt, whilst the excess required for the slower work in 
blind roasters‘amounts only to 2 or 3 per cent. Tha statement 
of Wright 1 is, however, exaggerated, according to which the 
average loss of vitriol in open roasters would be 12 C p'er cent., 
that in blind roasters 2 per cent.* the former figure is not 
derived from his own experience, but from second-hand informa¬ 
tion ; and it is in decided contradiction to the experience of the 
1 them. JVeiis, 18 , 17. 
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Tyneside factories, all of them working with open roasters. 
We shall have to revert to this matter at the close of this chapter. 

In Tncchanical fujnaccs a liltle less sulphuric acid is used 
than even in blind roasters, just because the mass is much 
better mixed up, gild especially becaust^it is always in the state 
of fine powder, w'ith^ut an)’ lumps and l*nots. It is in the interior 
of the lumps there is most facility for incompleteness of decom¬ 
position ; consequently those fiynaccs.turn but sulphate contain¬ 
ing only a small fraction of both free acid and common salt. 

In the ordinary process such lumps are formed in the pan 
only with vbrj» faulty work ; for, under normal conditions, the 
whole is at first dissolved into a thin mud, which only gradually 
thickens, but never solidifies. On the other hand, lumps are' 
very readily formed in the roaster. 

The proper quantity of sulphuric acid cannot easily be 
determined beforehand by mere calculations, owing to the com¬ 
plication of circumstances coming into play; it must therefore 
he continually checked by testing the saltcake in the laboratory. 
We have spoken of this already on p. 122. 

In most factories the residue from decomposing the nitrate 
of soda, the nitre-ad !v, is put into the pans along with the salt, 
the quantity of sulphuric acid being lessened by the amount of 
that existing in the nitre cake as “free acid"—that is, as 
bisiilphate. It is preferable for regular u\>rk not to use too 
much nitre-cake, say one-tenth, or better only one-twentieth 
of the s.-tlt ; otherwise lumpy, poor sulphate is frequently 
obtained. Nitre-cake is often used in large lumps; but it is 
much better to grind it, in whiclt case more can be taken and 
•Ate quality of the finished product will be less injuriously 
affected. Possibly the best way of treating it is to run if into 
the (jan in the liquid state, as will be described later on. 

The requisite quantity' sulphuric acid is frequently run 
into the pan before the whole of the salt has been shovelled in 
by which » better-mixture is effected In any case, it must be 
well stirred up afterwards with a long-handled rake, till the 
acid has completely penetrated into the salt and a thin mud 
has been formed in which the tool does not meet with any 
resistance ; this is called “ dissolving the salt.” As a ve»y strong 
evolution of. gas takes place at this stage, it is well if the 
working-door has a hole through whiih the handle of the rake 
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passes; by heaping a little salt against the opening, a pretty 
tight closing is effected. At this stage the mass has a strong 
tendency to rise and froth over; consequently a little tallow is 
now added. The porous common pan-salt dissolves by far the 
most easily, much less so ground rock-salt, ^is mentioned on 
p. 55. When everything has been “dissolved,” the rake is 
drawn back so that its blade lies close’against the door, where 
it is less exposed tb the<acid;*>r it is drawn o,.t altogether 
after opening the door. In any case the latter is now closed as 
tightly as possible, either by salt thrown against it, or cvpn by 
plastering it with clay or lime. Well fitting «nfl-iron doors, 
sliding in frames, make this unnecessary, but do not resist the 
'effect of the acid vapours very long. The door-frames are 
consequently mostly made of acid-resisting stone or of stone¬ 
ware, as is also the frame of the damper separating the pan 
from the furnace. The door itself is made of lead, slate, or 
even of cast-iron, but iron lasts only a short time. At some 
German factories wooden doors arc preferred. Most usually 
the doors arc only loosely placed against the frame, and luted 
by salt belonging to the next charge. 

Vapour-hoods .— In most cases, during or shortly after raking 
up the fresh batch, when the evolution of gas is most vehement, 
but especially on shoving the batch from the pan into the 
furnace, the escape *of a little hydrochloric-acid gas into ^he 
outer air cannot be prevented. If the condcnsing-apparatus 
works properly, it cannot have a great draught, and with the 
working-door standing open this draught frequently will not 
suffice for removing all the jjas. This also holds good for the 
working-doors of the roasters, especially on discharging, and. 
even for the damper between the pan and the roaster. In 
order to avoid a nuisatye for the workmen and the neighbour¬ 
hood, it is advisable to fix over the doors and the damper vapour- 
hoods,, made of wood or light cast-iion, etc., which communicate 
by means of fireclay pipes with a well-drawing chiiAney. The 
quantity of acid vapour escaping into these is. mostly so incon¬ 
siderable that, after being diluted with the chimney-gas, it is 
not perceptible. If, however, this bource of escape must be 
avoided "at all costs, the fireclay pipes may be conducted 
into a small special condenser, # but this will fcertainly only 
furnish an extremely weak and'practically worthless acid. 
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Works with very large conaensing-space can employ 
sufficient draught to dispense entirely with hoods. 

The"ordinary valour-hoods,'when they are connected with 
an ordinary chimney, usually do not suffice for keeping all 
vapours out of yre working-space. There is also a nuisance 
caused by the condensation of acid drops at their bottom edge. 
These drawbacks are avoided by an arrangement of K. Oehler 
(Ger. P. 165099, of 1904). Ijc provides *in the roof of the 
working-hole a slot, which can be closed by a damper, and 
through which a strong suction is exercised during the time the 
door is ope* *The muffle-bottom is also provided in front of 
each door with a slot, which can be hermetically closed, and 
which is connected with a flue, carried along underneath the* 
doors and ultimately outside the furnace, into a closed iron box. 
In this flue there is a mechanical conveyer which carries the 
saltcakc, pushed into the slots after finishing the operation, 
into the iron box, where it cools down without contact 
with the air. The acid vapours, sent out by the hot saltcake 
during this time, are driven by means of a stoneware fan 
(“Siegfried" system) into a side.condenser, consisting of a 
tower, 3 or 4 ft. wide and 12 to 15 ft. high, with a water spray 
on the top This converts all the acid into a fog; when this 
settles at the bottom and runs out, it appears as dilute hydro- 
chloiic acid, containing much H 2 S 0 4 . This is employed for 
running through the back tower of an ordinary condensing- 
plant. Behind Hie small condenser is placed the stoneware 
fan, and ultimately a gas-filter, as described in a following chapter. 
An analysis of the tower acid shouted, as the average of four days, 
-A' 8 per cent. HCl, 0-24 per cent. H„S 0 4 , 0007 per cent. Fe.,0,; 
• S P R r - 5'4 Tw., when employing in the tower 40 per cent, of the 
total, water required for condensing tl^e HCl in the process. 
(This plan was at work fof sjine time, but seems to have been 
discontinued again.) 

When ihe “dissolving” is finished, the mass need only be 
stirred up once every quarter of an hour, but the fire must 
be increased exactly as required for concentrating the mass. 
Generally the operation in the pan is finished much sooner than 
that in the roaster; but the roaster charge must* by all 
means be finished and drawn out of the'furnace before the 
batch is finished in the pan, tor otherwise the latter becomes 
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too stiff, cakes to the pan, and cannot he manipulated at all. 
The fire must be regulated to accomplish this, and also in such 
a way that the boiling does n8t become f too violent. 'On the 
other hand, the pan should not work so slowly that the furnace 
must wait for it aijd stand still in the meantime; but this will 
hardly ever happen if yre sulphuric acid Jrc above 124° Tw. 
The whole operation in the pan latfft, in the case of open 
roasters, one hour, with cjose roasters from two to tv, o and a 
half hours, on the Continent even longer, according td the time 
the batch stops in the roaster. 

A different style of working was introduced by the 
Newcastle Chemical Works at Gateshead. Large pans are 
•used, iS cwt. of salt being treated in them at a time. Every 
hour one-half of the batch is shoved into the (open) roaster, 
and another 9 cwt. of salt, together with the corresponding 
quantity of sulphuric acid, is put into the pan. In this way 
the pan never becomes empty, except at the end of the week, 
and suffers much less than usual, so that up to 4000 tons of 
sulphate can be got out of it before it becomes useless. The 
work is done in the following way-On beginning the week, 
18 cwt. of salt and acid to correspond are introduced into the 
pan ; when the mass has thickened up to the usual point, half of 
it (by the judgment of the eye) is shoved over into the furnace; 
then the sulphuric acid requisite for another 9 cwt. of salt is run 
in, the mass raked through, 4J cwt. of salt added, raked through 
again ; the fire is touched up, the last 4J cwt. ef salt*are added, 
raked through, and the batch finished in the usual manner: 
when it has become stiff, h;Hf of it is again shoved into the 
furnace, and so forth. This style of work has been very success¬ 
ful, and has been introduced by several other large factories. 

The batch in the pan is considered finished when the^cake 
cannot be drawn backwards and forwards with ease, but offers 
considerable resistance owing to the stiffness of the mass. If 
the setting of the pan is faulty, lumps cake on the h»t places of 
the pan, and are only dispersed with difficulty or not at all. 
Supposing the contents of the pan to hava become stiff'and the 
roaster-bed to have become empty in»the meantime, the damper 
is raised, the pan-door opened, and the stirring-up rake (Fig. 
38 c) replaced by the tool that serves for moving the batch. 
For pan-doors opposite to eachfother (shoving-pans) this is a 
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“ shoving-rakc,” Fig. 38 d , Ihe profile of which is the same as 
that of the pan ; for pans with doors at right angles to each 
other (casting-pans)^ large hollow “casting-shovel,” Fig. 38 e; 
and whilst the pan-man moves the contents of the pan into the 
furnace, the furnace-man from his door at# once spreads the 
charge evenly overjhc whole furnace-lied. 

The 1 akining-funine r* before the charge is moved, should be 
at a bright-red heat, as it wiy be .after finishing the previous 
charge. \\ ith blind roasters, at least, the arch should always 
rcinam red hot, so that the interior can be seen. The fresh batch, 
of course, gr^tly cools the furnace, and its interior becomes 



Fig. js. 


even less visible in consequence of the thick white acid vapours 
given off, Iowards the end of the operation the temperature 
shonjd get up to a good red heat, but alp ays below the melting- 
point of sodium sulphate (which is SOo to S8o° C.), say, about 
SocF C. I he mass is spread over the furnace-bed with great 
care—if tte furnace is a double-bedded one, on the top (back) 
bed; there it is first allowed to dry and is turned over every 
quarter *of an houY, employing partly the paddle or slice, Fig. 
38 a, partly the tooth-rake; Fig. 38 b. In Lancashire the latter 
tool is less used than the former; but it contributes vary much 
to an even wofking-up of the mass, as it prevents the formation 
of lumps. All the tools are nkde entirely of wrought-iron, the 
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nandles J or i in. thick and 12 to 15 ft. long. The working- 
parts of the paddles, rakes, etc.^ being also made of wjought- 
iron, are much lighter than those of thi* black-ash furnaces, 
whose heat is much greater, but they are quickly spoilt by the 
acids and must be frequently renewed. , 

In order to take part of the weight of theotodls off the men, 
there are always fixed in front of the working-doors horizontal 
bars, with a few projections on tl# top; and hooks hang down 
from the ceiling, for supporting the back part of the tools. 

When once lumps have been formed, they can only be broken 
or crushed with the paddle. This ought to be dor.« 1 h any case. 
If, however, the batch has become too hot next to the fire¬ 
bridge, it fluxes there and the tools cannot be got underneath it. 
This is the worst thing which can happen, because such hard 
lumps are scarcely workable in the black-ash furnace; it occurs 
especially with inexperienced men, and can only be avoided by 
frequently moving away the stuff next to the fire-bridge and 
replacing it by other stuff Weak saltcakc, containing much 
salt, fluxes much more readily than strong saltcakc. 

There is less trouble in this respect with open roasters, because 
the workman can always sec what he is doing. Their beds, for 
an equal make, need only be half as large as those of blind 
roasters. Often open furnaces have two or even three beds, 
sometimes arranged *in terraces, or merely marked by the 
greater length of the lurnacc and the arrangement of the 
working-doors. In this case the batch coming ffom tHe pan is 
first spread on the back or top bed, and moved forwards to the 
front bed, which is much hottA, when the previous batch has 
been drawn out from the latter. Thus the saltcake remains 
twice df three times as long in the furnace as in single-bedded 
furnaces, and can be finished at greater leisure. If, for instance, 
a batch is made in the pan once an hour, this batch remains one 
hour on the cooler back bed and another hour on the hotter 
front bed before it is drawn out. In blind roasters th<? batch is 
usually at once spread evenly over the whole bed, because here 
the differences of temperature are not very considerable. 

The calcining work is only to be taken as finished when no 
more vapours are given off by the mass, even on turning over, 
and when it is at a oed heat; but it ought not td-attain the 
fluxing-point at any place! The ^rnass is now drawn out by 
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means of rakes, Fig. 38 c, into iron barrows, adapted for tipping 
over. .Fig. 39 shows such a barrow of the shape usual in 
England. They suffer a good deal from the acid reaction of the 
saltcake; and their upper portion must be frequently renewed. 
’At large works there is often a railway* running along the 
furnaces, and 'fou--wheeled trucks run upon this up to the 
furnace-doors. In front of these there is always a metal plate, 
because .some saltcake (which must be kept clean) is always 
spilt. The front of the furnace below the door must be protected 
in » similar manner. 

In many*cases the finished saltcake is not drawn directly * 
into the barrow, because in this operation the escape of acid 
vapours could not be avoided (which in populous districts might 



• Fig. 39. * 

be felt a*s a nufsance), but it is dropped into a rave below or in 
front of the furnace, by means of a hole in the furnacedid 
usually kept closed; here it cifn cool down before it is taken 
out. Fig. 40 shows such a cave in section at A, as well as the 
hole a in the furnace-bottom leading to it; Fig. 41 shows it 
closed with its door, b. This arrangement was very rarely found 
in English works ; withMie hard-pushed style of work in use in 
this country it could scarcely be carried out, not merely because 
it requites much labour to move the saltcake twice instead of 
once, but especially because the taking-out of the saltcake from 
the cave would interfere with the furnace-work, and there were 
not, as is usual on the* Continent, long intervals between the 
charges which might be utilised for emptying the cave. 

It is juk this part of their operations which rendered the 
English, alkali-makers the^ objects’of many complaints from 
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their neighbours, if their saltcake furnaces and warehouses were 
not at a good distance from public roads, fields, etc. Su«h com¬ 
plaints were met to some extent if care ufcs* taken at once to' 
cover the hot saltcake in the barrows and the storehouse, which, 
especially in damp leather, emit much vapour,*vith a thin layer 
of cold saltcake. * „ * 

These pungent vapours, inevitably given off d iring this 
operation, which greatly distress fhc workmen even whin they 
are prevented from being a nuisance to the neighbourhood, 
are entirely prevented by allowing a fine spray of water to 



Fig. 40, Fig. 41. 


play upon the hot saltcake, at a distance of about 3 ft., from 
a jet exactly like thq,se very advantageously used in the 
vitriol-chambers. This fine spray* condenses the vapours to 
such an extent that no smell is perceptible close by, and 
does not cause the hot saltcake to become dafnp. Tflere is an 
evolution of steam, but no “gas.” This simple contrivance 
deserves serious attention with a view to preventing nuisance. 
In some cases, brine has been used instead of water for spraying 
the hot saltcake. This is highly objectionable as it leads to the 
evolution o' more hydrochloric acid whenever the "saltcake is 
even slightly acid. 
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Sometimes, instead of caves, iron boxes mounted on wheels 
are employed for drawing thg saltcake. In other places the 
cavcs'arc placed underneath the furnaces and are large enough 
to hold a whole day’s make. Fig. 42 shows this arrangement. 
Behind the furuace-doors cast-iron pipes, f2 in. diameter, are 
carried in a slantftig Erection downwards through the arch of 
the cave. The latter is connected by means of other pipes 
with thcwhydrochloric acid ciAidensers, preferably with a special 
small condenser, which is connected with the chimney. The 
bottom of the cave is formed by a cast-iron plate, below which 



cold air is introduced by means of holes in the wall. 1'his air 
rises upwards in slots in the back-wjll of the caves, and thus 
cools that wall as well. ‘The saltcake is not taken out of the 
cave before it has sufficiently cooled down, and as long as it 
continued to give out vapours, which generally takes about 
twelve hours. •Then only is it removed by means of a lift. 

The vapour giVfcn off by fresh hot saltcake consists mostly 
of sulphuric acid or anhydride, if the operation has been so 
conducted as to furnish a strong saltcake, but of hydrochloric 
acid in the’ case of weak saltcake (with 3 per cent. NaCl or 
more). .The prickling smen of the latter acid on drawing the 
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batch permits a kind of judgment to be given upon the strength 
of the saltcake. , 

Whether the work in the furnace has hem good , is judged 
partly by the appearance of the saltcake, partly by testing. 
The properties whiah good saltcake ought to ^assess have been 
described on p. 60; it should be a finely grallied, yellowish- 
white mass free from lumps. The reef colour often exhibited 
by the lumps does not prove tha* they contain more \fcn than 
the remainder, but merely that the iron, contained in the white 
saltcake as nearly colourless sulphate, has passcu over into red 
* ferric oxide at the higher temperature, wh : cb h;(?"aused the 
lumps to be formed. 

* The lemon-colour shown by hot saltcake, even such as 
becomes quite white on cooling, seems to come from iron ; for 
it is not showm by the saltcake made in the mechanical furnaces, 
which contains less iron. 

For any irregularities in the outward appearance of the salt- 
cake, such as lumps, fluxings, unequal calcination, etc., the 
furnace-man (roaster-man) will have to be made responsible— 
also if the analysis shows that much free acid is present together 
with much undecomposed salt. But if a fair average sample 
shows only either too much salt or too much acid, this is the 
fault of the pan-man, and the mixture has then to be changed. 
Saltcake not containing above I per cent, free NaCl and I per 
cent, free acid (calculated as S 0 3 ) was formerly caljed very 
good, but nowadays even greater purity is cafled for, as we 
shall see when speaking of yields. 

Special Methods of making Saltcake .—Wigg (B. P. 5105, of 
1879) proposed keeping out the air more than is otherwise done 
when working saltcake furnaces, in order to get stronger acid. 
This was to be done bj4 passing superheated steam into the 
furnace. It is doubtful whether the* cost and other drawbacks 
of this process do not outweigh its advantage. It is true that 
it is useful to saturate the gases with steam, as wc shall see in 
Chapter VII., but this can be done more cheaply by the l]eat of 
the gases themselves. 

Pedder (B. P. 4712, of 1891) proposes a very peculiar style 
of work. Rock-salt is to be mixed in a Weldon still with a 
sufficient quantity of shlphuric acid, to which a third t)f its bulk 
of hydrochloric acid has been added, and the decomposition is 
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to be promoted by steam. The liquor is to be run off for 
crystallisation, and the mother-Jiquor [which is greatly diluted!] 
is used over again, in the next treatment of salt. The crystals 
arc roasted [what does this mean ?], in order to drive out the 
hydrochloric acij. The vapours, as well as those from the still 
are passed into'a condenser. In lieu ef a Weldon still, the work 
can be done in ordinary saltcake furnaces, in which rock-salt is 
treated rjdth a mixture of suJphurio and 'hydrochloric acids at 
such low temperature that no bisulphate is formed. [This 
passage is quite absurd, and the idea of making rock-salt more 
easily dccdffiposablc by adding hydrochloric acid to it is also *' 
very crude.] 

Walker (15. 22S53, of 1S54) mixes with common sal'c 

sufficient sulphuric acid to form an acid sulphate, which is 
treated in one of the following ways:—Either it is cooled, 
roughly ground, mixed with monosulphatc and salt, and heated 
in a second furnace with a mechanical stirrer; or else it is 
run out of the first furnace in the fused state over a weir 
into another compartment, where the mixing takes place. To 
obtain nitric acid, nitrate of soda is treated in the same manner. 

| Neither of these processes has any economic value.] 

111. Meyer, in his Ger I’. iSfijyS, proposes a style of work 
entirely different from the ordinary method. The common salt 
in dissolved in a great excess of hot" bisulphate, which is 
easily done in a cast-iron pot. At the same time concentrated 
sulphuric acid, with at least 90 per cent. H..SO,, is run in. In 
consequence of the difference of the specific gravities of fluxed 
sulphate and sulphuric acid, a regular circulation of the latter 
and good mixing goes on without manual labour, and dry, 
highly concentrated IICl is given off. The fluxed bisulphate 
is contained in a semi-globular pot \*hich is heated externally. 
Into this is fed continuously ground salt and 93 per cent, 
sulphuric acid, while at the bottom the resulting mixture of salt 
and partially decomposed bisulphate is constantly run off. (This 
process hardly applies to a regular manufacture of saltcake, but 
to that of highly Concentrated hydrogen chloride and of bisul¬ 
phate, which must be utilised in some other way.) 
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Mechanical Saltoake-furuaoes. 

Up to the year 1875, the process of dfxpmposing saft was 
universally conducted by one or other of the methods described 
above, but the mcqhanical furnaces came so rapidly into favour 
that they for a time threatened to oust* tire hand-worked 
furnaces. The disadvantage that thejf'gavc a weaker hydro¬ 
chloric acid proved Serious, and Joy 1900 the tendency was to 
revert to the older form. Since then, however, mechanical 
furnaces have been improved in detail and their use is a| the 
’ present time extending. There are two serious drawbacks to 
working with hand-worked furnaces which cause it to be a very 
disagreeable business. The first of these is the sometimes un¬ 
avoidable escape of pungent hydrochloric-acid vapours, issuing 
on stirring up the charge in the pan and roaster from the 
working-doors, which are, of course, very troublesome for the 
men and are also injurious to health, although not to the same 
extent as chlorine or nitric-acid vapour, so that the saltcake 
men on the whole are not the worst off in that respect among 
chemical workmen, of which they form one of the best-paid 
classes. But in bad weather, and with insufficient draught, 
sometimes thick clouds of acid vapours issue from the decom- 
posing-shed and cause a nuisance in the neighbourhood. It 
will not do to stop this by increasing the draught in the con¬ 
densers (which would not be very easy in many cases), for this 
might readily give rise to the opposite fault, •viz., render the 
action of the condensers imperfect and cause acid vapours to 
escape from them. The freqifcnt escape of acid vapour within 
the decomposing-shed is generally proved by the fact that the 
roof of the shed is very much affected, and that tiles, slates, 
etc., can be made to stand for some time only by a thick coat 
oftar. 

Another drawback of the dccomposing-furnaces worked by 
hand is the fact that the manufacturer is to a great extent 
dependent not merely upon the skill, but also, upon the good¬ 
will of the men, especially in the case of the £an. If the men 
lack either the one or the other of tfiose qualities, the conse¬ 
quence will be not merely, as in other processes, the spoiling of 
a batch, but very frequently the cracking of a pan, with its 
attendant heavy cost and interruption of work. Also in the 
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case of strikes it is impossible to replace the pan-men by men 
taken from other occupations, jincl they frequently trade upon 
this position. . i 

These considerations have caused several attempts at turning 
the process of decomposing salt into a mechanical operation, in 
order, on the dnethand, to relieve the workmen from a very 
disagreeable and unhealthy occupation, and, on the other hand, 
to make the manufacturer l<*s dependent upon the skill, the 
goodwill, the whims, and the sobriety of the men. For some 
time.those attempts were not successful, as the apparatus did 
not resist ^simultaneous action of heat and of acid vapours. 
The first somewhat satisfactory solution of the task was the 
mechanical saltcakc furnace of Jones and Walsh (B. P. 1864; 
of 1875). This furnace and the results obtained with it and 
a number of improvements and modifications in construction, 
have been exactly described and illustrated by diagrams in 
the first edition of this book, Vol. II., pp. 97 to 106. The 
furnace possessed a fixed, circular pan of 14 or 16 ft. diameter, 
with fiat bottom and a flange all round, heated from above by a 
coke fire, from a fireplace arranged on one side; in the centre 
of the pan a perpendicular iron shaft was made to revolve, with 
horizontal side-arms and stirring-ploughs. No further descrip¬ 
tion need be given, as the first furnace of Jones and Walsh, 
in. spite of the great praise originally ‘accorded to it, and 
though thirty such furnaces were really erected (none of them 
certainly according to the drawings given in the patent speci¬ 
fication), had too many faults. The inventors themselves 
superseded it by a new construction (B. P. 2481, of 1877), in 
which the fixed pan with revolving stirrers is replaced by a 
revolving pan with fixed stirrers, as shown in Figs. 43 and 44. 
Tha.pan A is made of wrought-iron, whh a cast-iron lining; it 
rests on a central footstep, C, which is protected against the 
action of the chemicals by a collar, 1), connected with the pan 
itself. Thu circumference of the pan is provided with a collar, 
E, which dips ioto a circular fixed spout, F, filled with sand, 
attached to the bVickwork and forming a gas-tight lute during 
the revolution of the pair. The cogwheels G and H produce 
the revolution of the pan, whose weight is carried by the pulleys 
J J, running* bn the annular rail I, similai to a railway turn¬ 
table. The pan is covered by* an arch'whose commencement is 
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visible at K; one side of this has a communication with the 
laterally arranged fireplace, tf^e other with a flue fo t taxing 
away the gases. Opposite the former ope*iqg the central shaft 
is fitted at an angle of 60 degrees with two strong arms, L L, to 
which are attached a number of stirrers ( 11 ) pr plough’s (M) at 
equal distances, in such manner that the ptoughs of one of the 





arms work in the interstices left by the ploughs of the other arm, 
and thus rake up the whole bottom of the pan. Tlfe cast-iron 
lining, provided for protecting the outer wrought-iron pan 
consists of several segments, connected by* a ’special expansion 
joint described in the patent. * 

The eharging of the pan was to take place by means of a 
movable spout, which was to be lowered in a slafrting position 
at the end of an operation, so tAt during the revojution the 
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contents of the pan would partly rise up in the spout. This 
plan evidently did not answer pts purpose, for a new patent, 
No. g^6, of 1880, describes another kind of sand lute and 
a much better discharging-arrangement, which is sufficiently 
explained by Fig, 45. This new patent also! describes another 
kind of cast-iron skirrer of bent shapes firmly fixed to 011c side. 
From later information'given by Jones 1 it is seen that this 
stirrer is placed in such manner as to leave at the pan-bottom 
a crust of saltcake about 1 inch thick, which affords a good 
protection to the metal against the acid. The pan thus remains 
practically iITltouched, whilst the stirrer must be renewed once 
every two months. 

Fig. 45 shows the more recent form of the Jones furnace,' 
according to a diagram published in the above-mentioned Pro¬ 
ceedings, without any accompanying description. The stirrer a 
is seen in the left half, shown in section. Fig. 4C represents 
half of the pan on an enlarged scale, and gives some details, 
especially for the feeding of the salt (at a) and the acid (at b), 
and the connection of the revolving pan with the fixed brick¬ 
work at c. Fig. 47 shows that Jones later on adopted, like 
Mactcar, a continuous system of feeding, by means of the 
conveying-worm a ; it also shows the fixed stirring-blade b and 
the discharging-scraper c. These adjuncts do not seem to be 
provided in the majority of Jones furnaces actually constructed. 

The mechanical construction of the Jones furnace does not 
seem to be so elaborate as that of the Mactear furnace (which 
was constructed subsequent to it); at all events it is inferior to 
the latter as regards the condcnsAion of the hydrochloric acid, 
which in both cases is intimately mixed with fire-gases; but in 
the Jones furnace it is given off at first very rapidly, afterwards 
verjwslowly, just as in hand-furnaces. Ij is certainly possible to 
condense all the acid, but"tin; acid is mostly too weak for sale. 
In order to effect a complete condensation, the work must be 
carried on *much more slowly than the inventors had assumed, 
and this naturally involves a larger outlay for fuel, labour, and 
interest on plant tfiarf originally expected. 

• In spite of its considerable cost and the above-mentioned 
drawbacks, the various forms of the Jones furnace wcre«speedily 
adopted by iftany chemical manufacturers By 1878 thirty 
, 1 Prof. S01. CkemSm!., iSSi, p. 85. 
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furnaces of the older type had been erected, most of which 
have loijg been stopped. The jccond, greatly superior, system 
was also widely usqd.i It seems to be decidedly better adapted 
for the manufacture of potassium sulphate, for which it was 
employed at Messrs Vorster & Griineberg's, near Cologne. 
With this furnace *t is possible to avoid all nuisance to the 
neighbourhood, to condense all the hydrochloric acid (although 
not sufficiently strong), and t$> make excellent saltcake with 
4 per cent, less sulphuric acid than in hand-furnaces (viz., 
85-80.per cent. H„S 0 4 to 100 dry NaCI, against 8376 per 
cent. HjSOfTequircd by theory). The consumption of coke 
is stated to be I2i per cent of the saltcake for sodium sulphate, 
and 15 per cent, for potassium sulphate. The saving of labour 
in comparison with the hand-furnace is two-thirds. A furnace 
of the kind described yields yl tons of saltcake in twenty- 
four hours, 

A11 enormous Jones furnace was erected at Gateshead. The 
pan is 32 ft. in width; the centra! pan is 15 ft. in diameter and 
leaves an outer annular space of 8 ft. 6 in. width with three stirrers 
forming the working area proper. The firing takes place with 
Wilson gas-producers. The charge consists of 25 tons of finely 
ground rock-salt, and can be finished once every twelve hours; 
the discharging takes twenty-five minutes. The hydrochloric 
acicj runs from the towers 23" to 26° Tw. (nfbasured cold). The 
cost of such a furnace with six coke-condensers, roofs, gas- 
producers, etc., amounted to nearly ,£14,000. The starting of 
these furnaces is said to have caused great difficulties. The 
application of the Wilson gas-protlucers for this purpose has 
been minutely described in the ]. Soc. Chan, Ind 1883, p. 456. 
It is there stated that formerly the consumption of coke pef ton 
of saltcake was 6 \ cwt., costing 3s. pd., together with 4d. for the 
firemen ; with the gas-producers the consumption was 6J cwt. 
coal, costing merely is. 2d., together with ltd. for labour and 
steam—that is, about 2s. per ton. [This statement, however, 
takes no account, of the fact that with coal as fuel for open 
roasters the condcfisod acid is always much weaker than with 
coke ; cf. p. 1 to.] • 

Lunge saw some of these giant furnaces at work in 1 &S9, with 
Wilson producers. The saltcakb made tested only 01 or 0 2 
per cent. NaCI, but the hydrocRloric acid tested only to 0 Tw.— 
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a drawback which would not be tolerated under ordinary 
circumstances. , , 

In 1907 there were three Jones furnaces*it,work on Tyneside, 
for the manufacture of saltcakc exceptionally free from sodium 
chloride. *, t 

Mactcar's saltcakc furnace (B. P., 28th Movr 1879) is shown 
in Fig. 48 on a scale of s ’ 0 . It is a revolving furnace, very much 
on the principle of the carbonating furnace constructed by the 
same inventor (Chapter XIII.). The frame, d, of the pan runs 
by means of wheels, u, on an annular rail. The lute is m;yle by 
a flange, suspended from the girder a bearing -the arch, and 
dipping into a circular spout, s, filled with sand, or preferably 
•with ground saltcakc. The revolution is effected by a cogwheel 
attached to the lower side of the pan, moved by the cogwheel w, 
which is driven by the gearing t. 

The principal peculiarity of this furnace is its continuous 
central feeding, for which the central cast-iron pan e is provided. 
The remainder of the large pan is lined with fireproof bricks, 
boiled in tar, and separated from the metal by a special 
cement, resisting both heat and acid. In this lining there are 
annular corrugations c y c 2 d 1 ; behind r 1 we find the cast-iron 
compartment for receiving the finished saltcakc. The central 
pan e receives both salt and sulphuric acid continuously in 
exactly regulated proportions—the acid through pipe /, fke 
salt through a worm coming from the hopper h and ending 
above pipe i. The salt arrives by a chain of bifckets (not shown 
in the drawing) which runs over pulley/, and is moved by the 
gearing k attached to the cogwheels of the stirring-apparatus. 
The gearing t, mentioned above, drives also a cogwheel u, which 
drive’s four other cogwheels placed in the same plane, and thus 
carries along the four ^stirring-blades fixed in frame b b. , By 
their action the magma, formed in<h 3 central pan e and running 
all over its margin, is worked over whilst passing underneath 
the blades, and is gradually moved towards-the circumference, 
where it is found to be converted into a dry ppwder of finished 
saltcake, and is continuously discharged •info compaftment 0, 
which with its continuations r, bertt twice at a right angle, 
connects with the fixed annular spout/, and is there luted by 
sand. This spout Ifcads to the collecting-box q, from which the 
saltcake is removed from time t'ohime. 
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At both sides of the stirring-apparatus cast-iron partitions 
arranged with,the space, covered by the pan arch and 



-pours. These vapours escape through two Ltd™^p e *^ 
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both sides of this chamber. A later patent (No. 10812, of 1884) 
gives some improvements in dejails. 

Such a furnace produces on an average* i.ton of saltcake per 
hour. The condensation of the hydrochloric acid, in spite of its 
being diluted with 1 , fire-gases, is quite perfect (ys per cent, of the 
theoretical quantity), owing to its continuous evolution. It is 
stated that, without employing any pefet-condensers, the acid is 
stronger than from dpen roaster* and quite as good .is trom the 
best blind roasters, whilst it requires only half the condensing 
space needed by the latter. But this assertion seems .to be 
exaggerated. It goes without saying that here a!s« there’ is no 
escape of acid vapours into the working-shed, that there is a 
•great saving of labour, that the quality of the saltcake is very 
good, and that rock-salt is as easily worked as pan-salt. Repairs 
are not so frequently required as with the Jones furnace, which 
also produces much less. 

In Fig. 48 the fireplace is shown as an ordinary fire-grate. 
In practice, as in the case of the Jones furnace, it is necessary 
either to burn coke or else employ a well-regulated gas-producer, 
otherwise the condensers would soon be stopped up with soot. 

The saltcake can be easily made to contain less than 05 per 
cent. NaCl and o-8 free SO.,. Mactear 1 gives the following 
average [?] analysis of a batch of 35 tons saltcake from his 
furnace :-97-9C NaJSO,, 0-53 H,,SO„ oio NaCl, 116 CaS, 0 4 , 
0-25 insoluble in water (with 0-09 Fc 2 0 3 , all insoluble in water, 
005 coming from the acid and 0-04 from thc # furnacc and the 
tools). It is equally easy to make saltcake in fine powder 
for glass-making, or in a deffser state, but free from semifused 
lumps, for black-ash furnaces. 

The following analysis of Mactear saltcake is from a private 
sourceNa,S 0 4 , 97-40; NaCl, 008; H 2 S 0 4 , i-oo; Fg 2 0 3 , 
0 08; A 1 „ 0 3 , 006; Ca^S 0 4 , 0-97 * MgS 0 4 , 0-03; insoluble in 
HC 1 , 0-02 ; H 2 0 , 0-30. 

Mactear claims the following advantages for Ms furnace. 
Whilst a Tyneside open roaster (as shown pp. 97 ct seq .) finishes 
68 tons of saltcake per week of six days, and Inquires tfirec men 
per shift to work it, equal to 11 tons per man per week, the 
Mactear. furnace finishes 144 tons per week of six days, or 72 
tons per man per week. In addition to this, fc*. each two or 
1 /‘roc. i'tx. Chtmk Jtu/., i, p. 75. 
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three furnaces, one man is required to look after the engine and 
machinery. Altogether the actual amount of labour is reduced 
to oneJburth. The lubour cost for Tyne open roasters is 3476d., 
for Glasgow blind roasters 35'49cl., for Mactear furnaces I4-0od. 
per ton of saltcakp. The fuel required for th<? latter is 4A cwt. of 
coke per ton of'salt-cake, or an equal quantity of small coal with 
gas-producers. There iV also a saving of 3 per cent, in sulphuric 
acid [this^has been denied by t. Carey], The following table is 
interesting as showing the work done by other kinds of furnaces 
as well. The figures (Lunge’s) refer to the cost per ton of 
saltcakc:—* 



Tyne 

ojm'ii roasters. 

Glasgow 
close roasters. 

Mactear 

furnaces. 


8. 

s 

s. 

Wages 

2-90 

2*96 

M 7 


Cwt 

Cwt. 

Cwt. 

Coke 

Coal 

4-2ij;it ros.4d.\„, 
2-40 „ 3s. sJ.J" s 

10 at 5s. 6d. 275 

4-50 at 12s. 2*70 

Steam 



0*50 

Repairs 

l-So 

1-50 

0*92 

lilt, and Dcp. 20 




l>er cent. 

0-50 

o -75 

0*64 


7-55 

7*96 

5-93 

Deduct 3 pei lent. 




of vitriol saved 


* 

1*00 

• 



4*93 


This does not include the royalty of 6d. per ton for the 
Mactear furnace. The statements concerning the latter were 
attacked as being much too favourable in the discussion follow¬ 
ing the reading of Mactear’s paper {lot. at., p. 143). Carey states 
the expense per ton of saltcake with his blind roasters = 2-87s. 
for labour, 14s. for coal* l^it 4s. per* ton), O'54s, for repairs, 
and 042s. for interest and depreciation ; together 5'24s., not 
7-96, as calculated, by Mactear. We must point out, in justice, 
that both were interested parties, since Carey was alluding to 
the Deaton plus-pressure furnace owned by the firm of Gaskell, 
Deacon & Co., in which he was a partner. 

According to a letter received from Mr Mactear, in 1882, 
he then worked his furnace with Wilson gas-producers, and con¬ 
sumed per ton of saltcake 6J cwt. of 1 very inferior coal at 3s. 
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per ton. But in the official French Exhibition Report of 1891 
(p. 72), Lequin, the general manjgerof the Saint-Gobairh wo-ks, 
states that he had to abandon the gas-prcfducers and go back 
to coke, and that hence the expected saving in fuel had not 
taken place. *, t 

Dr Lunge was privately informed that 4 n ft large factory 
where both kinds of furnace were usc'd, the Mactear furnace 
was greatly superior to even the most recent kind yf Jones 
furnace in the matter of repairs. Even the Mactear furnace 
gives some trouble with its bottom, which is best overcome 
in the following way:—The wrought-iron pan is fifst covered 
with a layer of gypsum, then comes a thick sheet of lead, on 
this again gypsum, and in the latter acid-proof bricks are 
embedded. The stirrers are not separated from the fire by 
partitions; they last several weeks, and do not give anything 
like so much trouble as those in the Jones furnace. 

At the Chauny works that stirrer in the Mactear furnace 
which is nearest to the centre, and therefore yields too much 
iron to the saltcakc, has been replaced by a stoneware 
stirrer, which is possible, as the mixture is still very thin at 
that place. 

As regards the condensation of the acid, Mactear states 
that a coke condenser 5 x 5 X48 ft. suffices for a furnace turning 
out 3c tons in twenfy-f<>ur hours—that is, 40 cub. ft. per ton 
of saltcakc in twenty-four hours—whilst the best open roasters 
require 400 cub. ft., and 210 decomposing furnaces examined in 
1867 had an average condensing space of 484 cub. ft. ( cf . reliable 
information thereon in ChaptCr VI.). Post-condensers are not 
required. 1 According to his circular, even with insufficient 
preliminary cooling the acid runs off at 25° to 27° Tw. (in a 
letter to Lunge, Mactear speaks of 24 0 Tw.), and represqits 
98 per cent, of the theoretical quantity. There is absolutely 
no “ low-level escape ” even during discharging. The repairs 
amount to only 8d per ton, less than with hand-furnaces for 
the pans alone. It has been already pointed out that the 
saltcake is very good, and that rock-salt is* worked as easily or 
even better than pan-salt (p. 55). Taking into account that 

1 Carey’statcd in the discussion tha^the above figures are much too high ; 
his firm has ;.i.ly 150 cub*ft. p{condensing space, and post-condensers have 
been entirely abandoned in Lancashire. • 

K 
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the Mactear furnaces require much less condensing space, floor 
space, and roofing, even the piimc cost of plant is stated to be 
belowthat of hand-Airnaces, 

In the Paris Exhibition Report ( cf. p. 201), Lequin states that 
at Chauny cxtrqnely large condensing apparatus was provided 
for the gases fr 7 >m*Mactear furnaces (to be described in Chapter 
VII.), but that the acid only got up to 28" Tw., whilst some 
English ivorks only get up t» 2J 1 '. *In order to get up to the 
strength of 33" Tw. required for commercial acid in France, it 
was necessary to make some extra strong acid in iron cylinders, 
and to charge the saltcake from these in the Mactear furnace, 
which causes much expense. 

Formerly in France, as well as in England, many Mactear 
furnaces had been provided with Wilson gas-producers, but 
these have been again replaced by coke fires, probably because 
the difficulty of making strong acid was too great in the former 
case (of p. 138, with reference to the Jones furnaces). 

In spite of its high cost (£2000 for the furnace alone), the 
Mactear furnace was widely introduced in the larger alkali- 
works. Nowadays this would hardly be the case, as it labours 
under the same drawback as the Jones furnace, viz,, that the 
hydrochloric acid cannot be made strong enough—a drawback 
which is inseparable from the principle of driving out the 
whole of the acid by open fire ; hence tlte fact, mentioned on 
p. 119, from the Alkali Inspectors' Reports , that the works fitted 
up with mechanical furnaces, in spite of the large sums invested 
in these, were gradually replacing them by handwvorked plus- 
pressure furnaces, in order to increase the yield of strong acid. 
To this we must add the expense for fuel, as in 1889, for 
example, coke cost on the Tyne 9s., but coals only 3s. 6d. per 
to». In Bristol in 1907 three Mactear furnaces were still at 
work, but these took the half-finished saltcake from the ordinary 
pots and only did the calcining work. 

At tht presdht time, the tendency is again towards the 
introduction of. mechanical furnaces, for a variety of reasons. 
The difference in co%t of coke and coal has diminished, the cost 
of labour has very greatlf increased, and various improvements 
have been introduced in the details of the mechanical«furnaces. 

Other Mechanical Furnaces. —Newall fB. I*. 2417, of 1880) 
proposes to make decompo$ing-pans of phosphorous bronze, 
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with a double bottom, heated by steam or hot air, in order to 
get the mechanically stirred mixture of salj and sulphirric acid 
up to 120°. If the decomposition is to be finished in tht pans 
themselves, the mixture must ultimately be brought to 350° C. 

Herman (B. I’. *3983, of 1887) proposes discharging the salt- 
cake from mechanical paift by means of a moving chain band. 

A number of inyentors have tried to avoid the greatest 
drawback of the previous mechanical furnaces, viz., the.mixture 
of the whole of the acid vapours with the fire-gases. 

A patent of Black and Hill (dated 14th June 1877) is intended 
to avoid this, by reverting to the principle of carrying on the 
operation of decomposing in two separate stages. The pan 
heated from above and provided with revolving stirrers is 
essentially retained, but only that function is left to it which 
belongs to the calcining furnace or roaster of the ordinary 
process. The first action of the sulphuric acid on the salt takes 
place in a special apparatus, also provided with stirring-gear, 
but heated from below like an ordinary dccomposing-pan. This 
furnace is illustrated and described in our first edition, Vol. II., 
pp. 107 to no, but it has been replaced at the inventors' works 
by the newer construction of Black and Larkin, described below. 
A further step was taken by Cammack and Walker (B. P. 
3rd March 1S7C), whose furnace (illustrated and described in 
our first edition, pp. 110 to 114) consisted of a cast-iron tube, 
3 or 4 ft. wide, into which at one end salt and^ sulphuric acid 
was continuously fed, and was moved along the tube, so that 
finished saltcake was discharged at the other end, and the HC 1 
was continuously given off in an entirely uniform stream. This 
altoge^icr avoids the necessity of open firing, and causes the 
whole of the HC 1 to escape in a concentrated state and quite 
uniformly during the jyhole time of working. This very 
interesting furnace was erected b£ Messrs Golding & Davis 
at Widncs, but was soon stopped, because the mechanical 
difficulties could not be overcome. The two 'shafts inside the 
cylinders, for which no intermediate bearings can be p^pvided, 
soon sagged under the influence of the heat. Owing to this 
the teeth and scrapers did not work properly, and the mixture, 
instead of‘moving evenly along t^ie cylinder, stuck fast to the 
sides of the cylinder and stopped it up. As this furnace would 
be extremely favourable for Deacon’s chlorine process, his firm 
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took it up, but soon abandoned it, and we must therefore refer 
to the description it in our fitst edition. 

HSzlchurst’s fflrnace (B. I’. 509, of 1882) consists of a decom¬ 
posing retort, turning on horizontal hollow trunnions; through 
one of these the«sulphuric acid is introduced, through the other 
the HC! escapes;'the locating lakes ]Mace from below. Within 
the retort, near the top, scrapers are attached to a rod fixed to 
one of the trunnions, for kccpfcig the’sides clean. (There can be 
no doubt that this apparatus will not answer in the long run.) 

Mackenzie (B. P. 304, of 1883, not scaled) proposes con¬ 
necting a scries of retorts, through which the materials pass in 
succession. 

Walker’s furnace (B. P. 97O0, of 1887) resembles that of 
Cainmack and Walker, but differs from it by providing two 
revolving cylinders with agitating gear, the lower of which 
receives the mixture from the higher one in order to finish it. 
It is unlikely that this furnace lias ever been constructed. 

The only mechanical furnace which has been approved 
by a practice of some duration, besides those of Jones and 
Mactear, is an invention of Larkin's (Black and Larkin's 
patent, 4718, of 1884), and is shown in Figs. 49 to 51. It is a 
combination of an ordinary decomposing-pan of the type 
described on pp. 80 el seq ., with a circular muffle, provided with 
^mechanical stirrer. The furnace-bottom a consists of earthen¬ 
ware or iron ^slabs and rests on dwarf walls forming the- 
partitions of the fire-flues. In the centre there is an iron pipe, 
b, with an outer protecting pipe, A„ made of stoneware ; this pipe 
passes through the furnace-bottom and the flue below, and 
serves for protecting the agitating-shaft c. A number of small 
fires, one of which is visible at </, are arranged at one end of the 
fiftnace, and serve for heating the bottom of the muffle, the top 
of which is heated by another row of fires at the opposite end, 
at e. The muffle is very low and its cover is formed of metal 
plates, resting on f-|‘shaped iron girders, gg, which at the same 
time starve as ptytitions for the flues The interior of the muffle 
is accessible by working-doors, n 2 , which serve for discharging. 
The charging takes place from the top through pipe //, which 
comes from the decomposing-pan i, with the gas-pfpe l. The 
pan can be heated by the waste heat”from the muffle-fires, 
'l he acid vapours escape at the side of the muffle through pipe j, 
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without mixing with fire-gases. The agitating gear consists of 
the shaft c with horizontal arn^s q, to which arc attached the 



Fig. 50. 


scrapers c : . The shaft is provided at its lower hid with the 
sand-lute q, which keeps out thd'air, and is protected against 
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the acid vapours by the pipes b b.,. It is steadied at the top by 
means <jf a bracket fixed to one pf the girders g, and below by the 
footstep r 6 . The snfall flues from d and e combine into a main 
flue; the firing takes place on the plus-pressure plan (p. 114 
et scq) t in order ^0 render any leaks of the nfuffle harmless. 



l- ic. 51. 


We take the- following further details from a paper of 
Rennoldson 1 The moving parts are very strong where this is 
requisite, but nof unnecessarily heavy where this is not called 
for. The replacing of one large fireplace by many small ones, 
each of them provided with a separate damper and very easy 
to manage, ft of extreme importance for attaining a uniform 
1 / Sx. Chef*. JnJ., 1885, p. 316. 
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heating of the muffle. The fire strikes directly from the front 
to the back, without having to travel backwards and forwards ; 
hence very little draught is required, aitd the plus-pressure 
system is easily carried out. The application of a close muffle 
with mechanical agitator unites the advantages of all systems: 
excellent decomposition without manual labojjf, avoidance of any 
low-level escape from the (closed) dooa;, complete condensation 
of HC 1 without postJcondcnscrs, and production of ti.e strongest 
hydrochloric acid. As the muffle-doors remain closfici during 
the work, and no false air can get in, much more draught than 
usual can be given in the condensers, which is vesy desirable 
even for the pan i. Rcnnoldson gives the following results of 
•three months’ work with three Black and Larkin furnaces:— 


Salt decompostd, on an average, per furnace in a 


week of six days. 


78 tons. 

Sulphuiic aud consumed on damp salt . 


78 per cent. 

Yield of saltcake. 


110 „ 

Percentage of SO , in the saltcake . 


o *4 1. 

Percentage of NaCl in the saltcake 


J -3 M 

Temperature of gas from pan and roaster 
condenser inlet . ... 

at the 

79 - 5 “ C. 

Test of gas from pan and roaster at the condenser 
outlet, per cubic foot. 

019 grain. 

I/itto in chimney. 


o -7 » 

Test of hydroc hlorie ac id produced 

29“ Tw. at 15• 5” C. 

Bleaching obtained, i ton from each 


46 cwt. salt. • 

Labour per ton of saltcake (formerly 2s.) 


is. 9d. 

Steam (fuel and labour for) 

• 

os. ifd. 

Fuel for pan and roaster, cwt. small coal 

• 


u. 3d. 


The repairs during fourteen months were practically nil; 
only ^he scrapers had to be replaced. 

In the discussion T. W. Stuart, one of the most competent 
judges, pointed out that the Bjjick and Larkin furnace* as 
regards the production of chlorine equals the Jones and Mactear 
furnaces, and is superior to the Deacon furnace ^ the small 
saving of wages (about tod. per ton of saltcake) against the 
latter will be parti)’, at least, covered by t{ie cVtra repairs. Its 
essential advantages are that of a rsally efficient machine over 
hand laljour, the complete removal of the low-level nuisance, 
more comuletc condensation, 'nmbined with gr^at durability. 
According to the Alkdft Inspectors' Report , two such furnaces 
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were erected in 1890, which seems to prove their efficiency. It 
must, however, not be overlooked that the Black and Larkin 
furnac^ does not abblish hand labour for the decomposing-pan, 
and thus does not satisfy that need which first led to the inven¬ 
tion of mechanical furnaces, but only solves a much less important 
problem, that of*mechanical work in,the second stage of the 
process. <: 

• Recent Mechanical Saltcakc-furnaces. 

Thomson and Worsley (B. Ps. 21945 and 21946, of 1894) 
employ two. decomposing-pots to each roasting-furnace. These 
pots arc fitted with stirrers and automatic charging-apparatus, 
by which the supplies of salt and sulphuric acid are regulated so. 
as to keep the vitriol in excess. The charge, which remains 
sufficiently liquid, flows through a pipe above the level of the 
agitator into the roasting-furnace. This is a round muffle- 
furnace, heated above and below, the revolving top carrying 
stirrers and ploughs, which mix and gradually move the charge 
towards the outlet, where it is continuously and automatically 
discharged. As the charge passes from the pot into the furnace, 
more salt is added by a conveyer-worm, in proportion to the 
excess of acid in the pot. Thus a continuous stream of hydro¬ 
chloric acid is evolved, nearly free from water-vapour, and fit 
for the manufacture of chlorine by the D«icon process without 
further drying. 

Hart (Amen P. 69S704, of 1902) forces the mixture of 
common salt and sulphuric acid continuously by means of 
steam into a revolving cylinder, hotted just below a red heat. 

The Maschinenbauanstalt Humboldt (B. P.27061, of 1906) 
avoids certain drawbacks by constructing every stirrer *as a 
two-armed lever, and supporting it on the shaft in silch manner 
thaJL the revolving tendencies,of each tvA> diametrically opposed 
stirrers neutralise each other. 

The mechanical furnace of the Mannheim Verein Chemischer 
Fabrikcn (Ger. P. 137906) is essentially intended for working 
up nitre-cake, and*will be described in Chapter V. 

K. Oehler and Anilin und Anilinfarbenfabrik (Ger. P. 
165099, of 1904) have patented a muffle-furnace which com¬ 
municates on. the one hand, through openings in the bottom, 
with a channel running undameath file whole length of the 
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furnace, for the purpose of rembving the sulphate, and on the 
other hand, through two sets of,adjustable openings in the roof, 
with an auxiliary condensing plant. Whin the hot sulphate 
is being removed from the furnace, the acid vapours arc drawn 
through the auxiliary condensing plant. 

With a view particularly to obviating the •scape of obnoxious 
vapours, K. Oehler (Fr. P. 354467, of *905) describes a dosed 
muffle in which the ‘charge is halted, and from whi< h the acid 
vapours are conducted away for condensation without access 
of air, into a receiver in which the gas meets with an excpss of 
moisture. The floor of the muffle is provided, near tfic working 
doors, with traps through which the sodium sulphate is dis¬ 
charged into a channel beneath, from which it is conveyed by 
an endless chain into a closed receptacle in which cooling is 
effected. As the discharge takes place, communication is opened 
to a tuyere leading to a secondary condensing arrangement, 
and opening into the roof of the muffle, close to the door from 
which unabsorbed gases are drawn through the action of 
diminished pressure, thus avoiding escape into the air of acid 
vapours. The system of pipes, with their connections and 
means for directing the gases as required arc shown in the 
patent specification. (Compare Fr. P. 318386 of 4th Feb. 1902 ; 
also 13 . P. 2856 of same date.) 

Another form of* saltcake-furnace has been patented by^J. 
H. Neild, Assignor to General Chemical Company, New York 
(U.S. P. 1033825, of 1912). • 

Chem. Fabr. Rhenania, C. Thelen, and F. Wolf (Ger. P. 
279997, of 1913) heat the chaise in a pear-shaped “pan” mounted 
horizontally and provided with a screw agitator, and then, by 
rotating the screw in the opposite direction, force the charge 
rapidly through an opening in the narrow end of the pan into^lhe 
roaster. The material'is deliver*! on to the circular muffle- 
hearth of the roaster at the centre and is moved across the 
hearth by mechanical scrapers to a discharge opening at the 
periphery. 


Yields and Costs. 

The yield of salt cake from the salt decomposed depends on 
the quality of the salt and the* care of the men* Pure NaCl 
would theoretically yieid'i 21 -45 per cent, of Na 2 SO ( . Salt with 
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7 percent, moisture (the other impurities remain in the product) 
II2-9 per cent, of saltcake. Jhe loss by absorption in the 
furnace-bed, spill i;ig* etc., can only amount to a small per¬ 
centage. In England, when employing common salt containing 
6 to 8 per cent, moisture, a yield of at l&ist no per cent, 
saltcake is exp«c%d. • 

The statements of 4 hc Belgian Commission, according to 
which some works only obtained . 109, *108, and 102 parts 
respectively of saltcake from 100 of common salt, prove 
cithec an error in the figures (especially for the last case) 
or extremely careless working. Chandclon reports 1 the 
result of exact trials with three furnaces at Risk, where from 
2700 kg. salt, containing 2432 kg. NaCl, 3113 kg. saltcake* 
(=115 per cent.) were obtained, but it is not stated how much 
of the 278 kg. of the crude salt present otherwise than as NaCl 
consisted of moisture and how much of other impurities. At a 
Rhenish works the regular yield is stated at 119 per cent, of the 
salt, which even with dry salt seems extraordinarily high ; 116 
to 117 per cent, is generally considered very satisfactory. The 
yield from the very pure salt of Neu Stassfurt, which regularly 
tests 99 per cent, of NaCl, is actually 120 per cent. 

It is quite usual in England to refer the yield of saltcake 
directly to the pyrites consumed, so as to be independent of the 
estimation of the sulphuric acid produced, which certainly can 
in no case be called altogether trustworthy. In this way the 
difference between open and blind roasters as to their con¬ 
sumption of sulphuric acid becomes very clear. In the best 
works on the Tyne (all of thcm*working with open roasters) 
IOO parts of 48 per-cent, pyrites only yield 175 to 178 parts of 
97 percent, saltcake; 185 may be called the maximum.* The 
truf average yield in the best works is, upon tbo parts of 
sulphur charged into the* kiins (not actually burnt), about 380 
parts of saltcake, or, assuming that 4 per cent, of sulphur is 
left in thotcinder 9 ( = 3 per cent, of the sulphur in the pyrites), 
on 100 parts of. sulphur actually burnt, 405 parts of saltcake. 
In Lancashire, with *blind roasters, it is asserted that 195 to 
200 parts of saltcake are got from 100 pyrites. In most, if not 
in all cases, this assertion undoubtedly rests either upon self- 
deception or **upon the fact thkt very' poo» saltcake is made ; it 
1 Bull. Sot . Mine., 1871 , p. 323 . 



165 


YIELDS AJID COSTS 

would correspond to 406 to 4 iy saltcake per 100 of sulphur 
charged, or 433 to 444 saltcake upon the sulphur actually burnt. 
In a factory acknowledged to be one of thd best-managed in all 
England, only 430 parts of 97 per-cent, saltcake arc obtained 
upon 100 parts <?f sulphur actually burnt. This certainly is 
6 per cent, more than the above-mentioned! yield with open 
roasters. From the figures of a celebntted French works, fully 
authenticated by Lunge, a yield, of only 405 parts of .-.altcake 
per 100 parts of sulphut is obtained, and that with blind 
roasters—that is, no more than good Englblt works obtain 
with open roasters. Probably there was in this case a larger 
loss in the manufacture of sulphuric acid. 

1 On the loss of sulphuric mid in the manufacture of saltcake, 
Wright 1 has given some figures which, nowadays, must be 
considered as obsolete, Grossmaun 2 enumerates the following 
sources of loss ■—Volatilisation of sulphuric acid from the 
roaster and condensation with the HC1; mechanical carrying 
away of saltcake with the HC 1 ; so-called “free acid” in the 
saltcake ; escape of SO, from the roaster; formation of sulphates 
from other bases present in the salt as impurities. On an 
average, he found that of 100 parts of sulphuric acid employed 
in close roasters there was lost:— 

As “free acid ” in tlw saltcake.07 parts 

, sulphuric acid and suiphates in the hydrochloric acid 1-6 „ • 

„ SO,.o -3 „ 

„ other sulphates (with English pan-salt) . .*.... 

2 6 parts 

The loss of sulphuric acid in open roasters may be taken as 5 
per cant. (Hurter confirmed Grossmann's figures, but Muspratt 
declared thfm to be too low.) 


Costs. 

For the manual labour in decomposing, in. England one man 
per shift is required for the pan, and he has also to wheel the 
salt and coals and to run the acid; for the roaster usually two 
men are employed, who have also to, wheel away the saltcake. 
If less tijan 8 cwt of salt are decomposed per hour, only one 
roaster-man is needful. Consequently with blind .roasters three 
1 Chem. News, xvi., p. 17. *• J Soc. Own. Inti., 1882, p. 135. 
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men in twelve hours make ibout five batches of 15 cwt. of 
salt, = 4 tons 3 cwt. of sulphate; with open roasters usually 
twelve.chargcs of § tb 10, or even iol cwt. of salt,= 5 tons 6 cwt." 
to 6 tons 12 cwt., or 6 tons 18J cwt. of saltcake. They are 
always paid according to the quantity of*saltcake got out. 
With mcchnnicnf(furnaces the labour* of course, is much less 
(pp. 140 and 144). • 

The consumption of coal fo%thc pan at a good English works 
over a long period of time was stated to Lunge at 15-1 lb,, that 
of cojrc for the open roaster at 23 lb. per 100 lb. of saltcake. 
Lunge himself required a good deal less, viz., only 12 lb. of coal 
and 14-3 lb. of coke, probably because the work was not pushed 
quite so hard. No numerical statements from works where* 
blind roasters are employed and the pans are fired separately 
can be given. The statements respecting works with blind 
roasters and the pans fired by the waste heat of these are 
very contradictory; a German works states its consumption of 
coal at 34, a French one at 28 to 32, another French one at 
46 parts of coal to 100 parts of saltcake. According to the 
Belgian Report of 1855 (p. 63), the Moustier works averaged 
120 kg. of coal to 300 kg. salt—that is, 37 parts to 100 parts 
of saltcake; the Rislc works, 133 coal to 351 salt—that is, 35 
coal to 100 saltcake. For further statements on the amount 
of.fuel consumed, see pp. 144 and 151. * 

In the second edition of this book (Vol. II., pp. 229-32) 
detailed statements on the cost of saltcake at Belgian works, 
by Chandelon, are quoted which we will not repeat, as they 
refer to a remote period (1864), a.?well as the figures of Kopp, 
from a French works in 186C. The following is a statement, 
from the result of a normal year (1875) in Lunge’s experience, 
of Jhc cost for saltcake made with open roasters: looo kg. of 
saltcake required— • • ' 


913 kg. salt with t per rent, moisture, at 14s. . £0 12 9-4 

959 „ sulphuric acid at 144" Tw\, at 28s. . . .16 to-2 

160 „ coal, aujjs. 009-6 

195 ,* coke, at 14s*. 028-8 

Wages . . . . •.043 

Repairs (exclusive of broken pans) . . o ,1 3 

Average cojt of broken pans • . .005 

• /-* n f 
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The requisite quantities, etd[ starting directly from pyrites, 
were:— 

591 kg. pyrites, at 48 per cent, sulphur. 

11-3 „ nitrate of soda. 

913 salt. 

370 „ coal and 1^5 coke. 

Wages, 7s. 3jd. 

Repairs (inclusive nf t the renewal of chambers), 2s. , ;d. 

In none of these cost-accounts is the value of the hydrochloric 
’ acid, obtained as a by-product reckoned. * 

At several factories on the Tyne it is asserted that they 
•require only 540 parts of pyrites for IOOO parts of 97 per cent, 
saltcakc; at others in Lancashire the amount stated is only 
513 parts of pyrites (details on p. 154); but since, as a rule, 
statements of yields are very unreliable, and every manager 
represents his results in the most flattering light, such state¬ 
ments cannot be implicitly accepted, and it is preferable to base 
the costs upon much less favourable data. Theoretically, tood 
parts of 97 per cent, saltcake would only require 218 parts df 
sulphur or 455 parts of 48 per cent, pyrites; the loss of about 
20 per cent, of sulphur is to be accounted for partly by the 
residual sulphur in the burnt ore, partly (but to a very slight 
extent) by a loss oT gas in the chamber process, and partly 
(to a much greater extent) by the excess of sulphuric acid 
employed in decomposing the salt. * 

The following statements were taken from the books of a 
Continental works, where saTtcake was made in lead pans and 
calcined in open furnaces, fired with coke. The lead pans were 
from 7 to 8 ft. long, 5 ft. wide, and 18 in. deep; thickness of 
lead | in. *Each pan and furnace turned out 2\ tons of saltcake 
in twenty-four hours, in six batclfcs,*the men working 12-hour 
shifts (at 3 frs. per shift). The acid gases from the pan passed 
through thirty earthenware receives of 40 galls. each,*those from 
the furnaces through four stone cisterns, and thp combined gases 
finally through a coke-tower, 40 ft. high, *from which the acid 
issued with a specific gravity of 2 to 25 ; 1 w.; from the 
receivers* it issued at 32° Tw. The yield from 100 parts moist 
salt (with 8 to 10 pet cept. wate’r) was 108 parts 61 97 per cent, 
saltcake and from 125 to 130 parts hydrochloric acid £2 Tw. 
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The cost of IOO kg. saltcakelwas :— 


' < 


181K) 


1801. 


Quantity 

Price 
per ton 

Amount 

QiAntity 

Price 
per ton 

Amount. 











-t — 





*K 

fr 

fr 

kg 

fr. 

fr. 

Common salt (damp) 

90*70 

14*66 

1*33 

. 9276 

14*66 

1*36 

Sulphuric acid (140' Tv*.) 

92*74 

12*50 

•3*oi 

94’43 

32*50 

3*o8 

Coal .... 

19-15 

15*15 

0-29 

17.36 

15*55 

0*27 

Coke .... 

19-43 

30*55 

o -59 

20-19 

26*00 

0*52 

Wa^ts .... 



o -47 



o *44 

Repairs . • . 


. 

0-45 



o *45 

General cxjvenses . 


. 

o-6o 



o*bo 




6-74 



6-72 

Deduct — 






Hydrochl. acid (32 0 Tu.) 

125 

21-50 

2-68 

128 

21*50 

2-75 




4-06 



3*97 


Thermochemistry of the Reactions. 

The following is a theoretical account of the thermal 
changes taking place in the manufacture of sodium sulphate.' 
The first stage, the formation of bisulphate, shows the following 
heat-values (in kilo-calories):— 

, XaCI + llOiO, NallSOj *1 I1C1 

+977 +192-9 +267-8 +22-0 

ft 

The final result is -0-8 K, which is so small a figure as to be 
almost within the limits of experimental error. In the for¬ 
mation of neutral sodium sulphate the complete reaction is 
endothermic, though not markedly so:— 

2X.C1 + II-SOj » N«aSO, + 2UCI • 

* +195-4 +I<P9 ( +328-5^ +44-0 

the result being —15-8 kilo-cals. As a matter of fact, the 
mixture must be -heated to finish the reaction. 

For calculating the total heat required in the saltcake 
furnace Ve assuhte. that the 98 kg. H 2 S 0 4 , employed for 
converting 117 kg. NaCl ditto 142 kg. Na 2 S 0 4 , contains 30 kg. 
H ,0 ; also that the hydrogen chloride on an average has to be 
heated to 4c® 0 C., the steam tb 500”, and.the saltcake to 600° 
1 Fischer, in Z. atibrg. Chan,, 1888, p. 550. 
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(the latter is rather too low). I The specific heat of sodium 
sulphate is = 0-232, that of HC 11 = 019, thf heat-units scqu'red 
for converting 1 kg. 11,0 at if into steam at .500° = 812. The 
calculation is then as follows:— 


Heating the saltcakc x 0-232 x 600 
HC 1 73x0-19x400 
„ steam 812 x 30 . 


K. 

19,766 

5 , 5-48 

>4,3*0 


Chemical work as above ’ . . 

Mechanical work of evohn on of gas (estimated) 


J5»Sx> 

5.6 

66,000 . 


Of course, such theoretical calculations can only serve as 
•guidance for calculations founded on analyses and direct 
observations of temperature; but the above is probably 
somewhat near the truth, as both the initial and the final 
products are not complicated and arc comparatively pure. We 
thus find the amount of heat theoretically required for making 
142 kg. of Na,S 0 4 = 66,000 K., or for a metric 1011 = 457,750 K. 
Taking the heat produced by the combustion of coal or coke 
= 7000 K. per kilogram, the production of a ton of saltcakc 
(1000 kg.) ought not to use more than 65-4 kg. of fuel. In 
reality, however, at least 250, and sometimes nearly 400, kg. of 
coal or coke is burned—that is, never less than four times the 
theoretical quantity. * liven under the most favourable collec¬ 
tions three-fourths of Ine fuel is lost by radiation from the 
apparatus and in the chimney-gases. * 

it may he of interest to consider also the amount 
of heat (certainly inconsiderable in comparison with the 
other factors) which corresponds to the work performed 
in the evolution of gases in overcoming the pressure of 
atmospheric 'air. Taking the atmospheric pressure at 760 mjn. 
= 10,336 kg. per squarc'metrc, and the mechanical equivalent 
of heat = 425 metre-kilograms, the expansion of gas by I cbm. 

requires 10 ’'— = 24-3 K. Since the volume of a kilogram- 
4 2 5 # • 

molecule of all gases is 22-3 cbm., the consumption of heat at 
0° for liberating 22-3 cbm., or a kilogfam-moleculc of any gas, 
is 22-3 x *4-3 = 542 K. and at 542 (1+0-00367 t) K., for 
instance at >0° C, 58* K, Appfied to HCI this Is, for 2HCI, 
2 x 582 ■= 1164 K.; but as this enSrgy is partly supplied by the 
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chimney draught, we have onlj' assumed 526 K. for this work 
in the above calculation. 

The tcmpcratwes in saltcake muffles have been measured 
by Schuler 1 with Scger’s cones. He found them = 1100° to 
1200" C. in the hottest part of the furnahe-bcd, where the 
gases from the flues below ascend r to the upper part. But 
these measurements have but little value, as the important 
point is ( the temperature inside the, muffle, and it is apparent 
that this in the hottest place must not exceed the melting- 
point of ordinary saltcake, ?>., 800" C. 


Properties of Commercial Saltcake. 

The saltcake of trade is a more or less finely granulated mass 
often containing larger lumps of melted substance. These lumps 
are always to be suspected of containing a high percentage ot 
sodium chloride, and often entirely consist of this internally. 
The finer grain a saltcake possesses, the better it is on the 
whole. Its colour when hot, as it is drawn out of the furnace, 
is a bright lemon-yellow—if very rich in free acid, even brownish; 
if much iron is present, brownish red. In the cold it is yellowish 
or greenish white, often pure white. A dirty grey Colour and 
a granular fritted consistence show that the decomposition of 
the common salt is incomplete. 

The analyses given below and on p. 161 show the composition' 
of commercial sulphate.'- 1 

The following analyses by ^Thcilkuhl (from Knapp, ii., 
p. 396) show the “ free acid ” as acid sulphate:— 




; From 


From , 

From 

• 


1 Ntcnburg. 

.V . 

Llluftburg. 

Oker." 

S 0 4 N . 
SOjNaH 


. | 96-2 

• i 0*5 

93-3 

2-4 

\ 90-5 
| 8-0 

65*0 

31-8 

NaCl 


i -5 

2 >9 

\ 0*03 

I'CjCSOPj 


°-5 

o -5 

t 1-3 

i*6 

Sand „ . 
Moisture . 

* •• 

0.5 

CM 

\ 0-1 

0-2 



0.8 

I- 

0.4 


* Th.it from Oker is evidently nitre-cake. 


1 Z. an few. Chein., 1897, p. 361.*' > 

1 Cf. the analytical processes, pp. 60 el seg. 
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For ordinary practice usually only the undecomposed sa 
and th® “ free acid ‘i are estimated; the latter is expressed a 
S 0 3 , tut is, of -course, in reality present as acid sulphat 
(cf. p. 29), The buyers or users of saltcake are now much mor 
particular than (prmcrly. Whilst formerly saltcake with 1 pe 
cent. NaCl and \ pcr_ cent. SO., wits not found fault witl 
nowadays well-conducted works supply it tjhvays below 0-5 NaC 
and l-o«SO.,; with good sail* an average of 0 3 NaCl and o- 
S 0 3 can be obtained. 

For glass-making purposes the iron is also of importanct 
Ost 1 foun 3 , in eight samples of saltcake made by the ordinar 
process in iron decomposing-pots, from 0-066 to 0-130 per cent 
iron ; in three samples made in lead pans, from 0-009 to 0-02' 
per cent. iron. All of these are from German works (of whicl 
twenty-four decompose salt for the manufacture of saltcake] 
The plate-glass works require a guarantee that the iron doe 
not exceed 0-05 per cent. 

1 angew. Chem., 1896, p. 9. 



‘ CHAPTER IV 


VARIOUS MKT HODS H)R THE MANUFACTURE OF 
SULI’IIATE OK SODA 


A. Manufacture of Saltcake as a Principal Product 
from Common Salt. 

The following processes have been proposed for making 
sulphate of soda as a principal product from common salt:— 

1. Heating Common Salt with Sulphuric Acid. —This is the 
process generally employed, which has been described in detail 
in Chapter III. 

2 . Heating Common Salt with Sulphurous Acid and 
Atmospheric Air. —This is the process of Hargreaves and 
Robinson, described in detail in Chapter V. 

3. Heating Common Salt with Metallic Sulphides , especially 
Iron- and Copper-pyrites (L.ongmaid’s process).—The idea of 
making sodium sulphate by roasting common salt with pyrites 
is a very old one ; Berzelius 1 mentions it as a proposal, with the 
addition of powdered coal. The fact that pyrites, or brown coal 
containing pyrites, under tlie.se circumstances, yields sodium 
sulphate on lixiviation, must have been already known in the 
eighteenth century; for the French Commission of 1792, in their 
official Rcpolt, recommended this mode of preparation as pref¬ 
erable to that proposed t>y Leblanc? 'This judgment certainly 
was proved to be incorrect in practice, and the process was 
probably never carried out to any extent on a large s£ale. But 
attention was drawn to the fact that in the roaming of .metallic 
sulphides with common salt, as in metallurgical processes, a 
large portion of the sulphur is found *in the calcined mass as 
sodium suiphate; ard Glauber's salt derived from this source 

Lehrbuch"der/Chemie, 1*36, vol. iv., p. 153. 

- If agner's Jabresber., i$ 57 , p. 103. 
l#» • • 
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was actually sent into the mirket. This may have been the 
occasioR of Longimfid’s bringing out a renewal of this process, 
which nvas carried' on energetically for a number of years and 
attracted great attention, but in the end h;jd to be given up. 
Ilis first patent plates from 20th October 1842; a second one 
of 1st January" 1 $44 makes no essential addition. He proposed 
to treat metallic sulphides with common salt, in the proportion 
of at least 60 NaCl to 40 sulphur,-in a reverberatory furnace 
with four beds, each of which is a little higher than that nearer 
the fire. The mixture is charged upon the highest bed and 
gradually brought down. The product on lixiviation furnishes 
sodium sulphate, common salt, and copper salts. The copper is 
precipitated by metallic iron, the iron salts precipitated by' 
lime, and the sodium sulphate obtained from the mother-liquor 
by evaporation. The access of air during the roasting must be 
exactly regulated for each part of the furnace, so that at first 
only ferric sulphate is formed, from which at a higher temperature, 
sulphuric anhydride is liberated ; this with common salt yields 
sodium sulphate, free chlorine, and sulphurous acid, but very 
little of the latter in the presence of air. The following reactions 
may take place in the presence of air:— 

2KeS : + 8NaCl + i(> 0 “ 4Na_,SO, + Fe J CI„ + 2CI 

2FeS, + 8NaCI + 19O •- 4Na 2 S<), +.Fe.,O s + 80 ; 

or, in the presence of steam, 

2FeS, + SNaCl f 4II ,0 + 15O - 4Na.,S0 4 + Fe., 0 , + 8HCI. 

The latter reaction is only a^econdaiy one in the original 
process of Longmaid. It is, however, much more complete 
than the former, and therefore in Hargreaves’s process steam 
is always employed. The addition of small co&l frequently 
made (not by Longmaid) dnly scrves*as fuel, and is not only 
unnecessary, since no great heat is required, but even injurious, 
by reducing sulphate to sulphide. 

By being qnly gradually moved from the coolest to the 
hottest part of the* reverberatory furnace, the common salt is 
gradually transformed iftto sulphate, and the mixture becomes 
more capable of withstanding a high temperature without melt¬ 
ing. This etisy fusibility of the massjs just one of the principal 
difficulties of the process, because it necessitates working at a 
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moderate heat, and thereby r i dering the decomposition very 
slow, and very incomplete if any fused portions are present. 
It is also impossible to avoid a loss of sulphur in the. shape 
of sulphur dioxide in this operation. The advantage of the 
process at the time of its introduction lay in the possibility of 
working up worthless sftnall ore and of olftalhing from the 
residue small quantities of copper and tin, not otherwise 
recoverable. The saltcake certain’y contained too mud;common 
salt to be employed directly in alkali-works, and had first to 
be heated with sulphuric acid in ordinary decomposing-pans. 
Longmaid conveyed the gas generated in calciniitg through 
wooden flues submerged in water, where muriatic acid and 
~ ferric chloride condensed, whilst chlorine passed on and was 
used for making blcaching-powdcr; of course this was only 
very weak, and had to be brought up to the proper standard by 
chlorine obtained in the usual way, which no doubt was found 
impossible in practice. 

Longmaid’s process was carried out for a number of years 
by the inventor himself, at St Helens in Lancashire, at Ardrossan, 
and at Wallsend-on-Tyne. In Scotland 1 a schist containing 
pyrites (say to to 30 per cent, of sulphur) was ground up 
with crude rock-salt, moulded into bricks, dried, and calcined 
in a kiln. After three or four weeks the decomposition was 
pretty complete. Th*e burnt bricks were lixiviated, the liquor 
evaporated to dryness, the residue treated with sulphuric acid 
and heated strongly, in order to decompose ferric and aluminic 
chloride. A similar material was that remaining at Gouhenans 
(Haute-Saone), from the preparation of slaty coal for sale. 

The process employed at Wallsend for some time was more 
similar to the original process of Longmaid, and differed from 
it chiefly in* the furnace (sketched in Figs. 52 and 53). The 
reverberatory furnace, Ifcatcd by 3 fireplace, a, has only two 
beds, b and r, of which b is horizontal, c rising towards the 
back ; above the back part of c rises the kiln d, wlrose grate- 
bars e e are easily movable in the openings i / on the top it is 
closed by the lid f used for charging, g iS a flue leaefing from 
the kiln ; h another, leading from the Turnace to the chimney; 
both are provided with dampers. The openings i i also serve for 
admitting ; cl regulating, the air, this can also Be done from 
1 Wagner's Jahresber., 1861, p. 171. 
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the working doors k k. Thd fresh mixture is first charged 
through, / into thc # ki!n d\ tnen, when the charge has been 



withdrawn from b and 
that from c has been 
moved forward on to b, 
the grates e e are drawn 
out and the contents 
of* d dropped into c. 
The grates then are 
put in again, and d is 
charged anew. Usually • 


the fire-gas travels from 
the interior of the fur-' 


lace through the kiln </, and from this through g to the chimney; 
out if the heat becomes too great, the dampers are so placed 
hat a portion of the fire-gas is conveyed away by h. 


Longmaid’s process 
las not been able to 
:ompetc with the usual 
me, both on account of 
he above - mentioned 
ncomplctcness of the 
Jecomposition, which 
leccssitatcs a treatment 
ivith sulphuric acid, and 
iwing to the necessity of 



^ i 

Fin- 53 


ixiviating the product of calcination and consuming fuel for 


making anhydrous sulphate. It fais consequently been given 
jp for some time; but it has given an impulse to two important 
processes, viz., copper-extraction by calcining with salt, and the 


preparation of saltcake by roasting the pyrites ajiart from the 


salt, and thus doing away with the lixiV iation. The last-named 


process is described in detail in Chapter V. 

Weldon, on 5th February 1872, patented the manufacture 
if saltcake by heating common salt with manganese sulphide , 
dong wfth air, or with air and steam together—also from NaCl 
along with Mn 2 O s and CuO or FcO a in a current of SO., and 
air, also with steam—or in a current of SO.,, or of COb—in short, 
a large number of combinations, none of which seems to have 
found any practical application 
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According to a patent taken put by Hutchinson (ist January 
1876), a finely powdered mixture of alkaline chlorides and 
metallic sulphides or brimstone is droppetj down in a tower 
or revolving cylinder, whilst a red-hot mixture of air and steam 
traverses it; or tnc chlorides arc to be dropped by themselves 
as a rain, and brought iJito contact with thc^gas from burning 
the metallic sulphides by themselves, nJixed with air and steam. 
This is especially recommended for the gas from metallurgical 
operations, which is otherwise lost. The first proposal would 
agree with Longmaid's, the second with Hargreaves’s process, 
with this difference, that the substances are brought into 
contact with red-hot gas in the shape of a rain of dust. The 
escaping muriatic acid, mixed with chlorine, is to be utilised in 
the usual way. This process seems to offer unsurmountable 
practical difficulties, and will hardly come into operation for 
the manufacture of saltcake. 

For modifications of this idea, reference may be made to 
the proposals of Basset (Fr. P, 477353, of 1914), and P. B. 
Hcilbronn (Gcr. P. 295074, of 1915). 

4. From Common Salt and Magnesium Sulphate .—Scheele 
as early as 1787 observed that, if solutions of magnesium 
sulphate and sodium chloride arc mixed and the solution 
cooled down to at least — 3° C., Glauber's salt crystallises out 
and magnesium chloride remains in the mother-liquor. 1 But 
probably the “ Friedrichsalz," sent out from the Friedrichshal! 
saltworks since 1767, was made in the sar.io way, of course 
without ail)- understanding of the process. We shall mention 
later the application of -liic same reaction to the mother- 
liquors of the salt-gardens in the south of France, and to the 
residtie from dissolving the potash salts at Stassfurt. As 
a real principal product, Ramon de Luna 2 proposed to make 
sodium sulphate from the Epsom»salt found in several partjs of 
Spain, especially near Madrid. An intimate mixture of 2 parts 
of crystallised or ijf part of slightly dried Epsopi salt and 
1 part of common salt is to be brought to a red heat: hydro¬ 
chloric acid escapes, and the residue consists of a mixture 
of sodium sulphate and magnesia. If this is treated with Water 
at 90° C, sodium sulphate, with any undecomposed magnesium 

' Wagnor, Rfgesten dir Sodafabrikation, p, 25. 

* WagnedsJahresber.fl&$$, p. 59. 



168 MANUFACTURE OF SULPHATE OF SODA 

sulphate, is dissolved ; the latter is converted by milk-of-lime 
into calcium sulpht^e and magnesia, and thus removed. De 
Luna in this way prepared 12 tons of Glauber’s salt, but 
he has had no successor. 

Long before him, Lord Dundonald had used the same plan. 
In his patent bf^eSth February 179^, he proposes to make 
Glauber’s salt by mixing sea-salt or rock-salt with the sulphate 
of alumiija, iron, or magnesia,(expressly mentioned as “Epsom 
salts ”), or with gypsum, all in solution or otherwise, adding to 
this a. suitable quantity of clay, preferably such as contains iron, 
drying, grirfding, and heating in a reverberatory furnace, crucible, 
or the like, till the muriatic acid is driven off. After this the 
Glauber's salt is to be extracted by lixiviating and washing, and 
to be obtained by crystallisation or evaporation to dryness. 
Epsom salt and rock-salt react to yield the product 
even without addition of day containing iron, but not so 
completely. 

Marguerittc in 1S55 obtained a patent for the indirect 
preparation of sodium sulphate by calcining salt with lead 
sulphate and regenerating the lead sulphate by treating 
the lead chloride with magnesium sulphate or calcium 
sulphate. 

1 he magnesium sulphate process became of practical import- 
anjc only when an extremely cheap source*of that salt had been 
discovered in the Stassfurt kies,-rite. Kieserite (MgS 0 4 , H 2 0 ) 
is obtained at ^Stassfurt from the residue remaining in the 
treatment of the “ Abrauinsalz ” for potash salts. This residue 
contains 55 to 60 per cent, of comrflfm salt, 25 to 30 per cent, of 
magnesium sulphate, a little potassium chloride, anhydrite, clay, 
boracite, and water. I he working-up of kieserite for Epsom 
sal^ (MgS 0 4 , /H,, 0 ) and subsequent preparation of other 
sails from it, was first prrtpofcd by Clemm 1 (French patent of 
6th October 1863). Whilst his other proposals have not turned 
out successful, his process for separating the kieserite itself 
is employed up to. the present time. The residue from dissolv¬ 
ing the Abraumsal? is treated with a current of cold water 
in a tub with a perforated false bottom; the kieserite is 
thus washed away in the state of flour, the rock-salt being 
martially dissolved and partially remainiRg behind in larger 
1 Wagner's JaMsier., 1864, p. 256. 
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pieces. The water, with the. particles suspended in it, is 
separated from the coarser particles by a fine sieve, and then 
subjected to fractional settling; thus the kieserite is obtained 
in a comparatively pure state, viz., with 55 to 60 per cent. 
MgS 0 4 , 8 to 10 per cent. CaSO„ 2 to 4 NaCl, the remainder 
being H/X By exposure to the air and ttfatonent with hot 
water, Epsom salt can easily be obtained from it, and from 
this also Glauber’s salt by, Baiarjj's process. For this purpose, 
however, since 1865, the crude residue from the dissolution is 
usually employed, which at the same time contains the qeces- 
sary common salt. At first great difficulties were met with in 
making and working up large quantities of liquor in the cold 
‘ of winter. The employment of ice-making machines seemed 
too expensive; and even the idea of making from the residues, 
directly after dissolving the potassium salts, a liquor adapted 
for obtaining sodium sulphate, and keeping this in water-tight 
brick tanks till winter, was found difficult to realise, as the 
tanks could not be kept tight. After sufficient experience had 
in this way been gained, manufacturers have reverted to making 
the solutions of Glauber's salt only in winter and during 
sufficiently frosty weather; the residues obtained during other 
seasons from dissolving the potash salts, first weathered in 
heaps, together with those made in winter, arc quickly dissolved 
by steam in vessels provided with agitating machinery, allowed 
to settle, and exposed to the frost in large wooden coolers. At 
one works the residues are simply dissolved by tepid water 
run over them in tubs provided with a perforated false bottom. 
This process can only be employed for completely weathered 
residues, and does not yield as much as the former. Such 
residues, weathered for some years, contain all the kieserite 
already contorted into Epsom salts. An analysis showed :—■ 


Mg SO, ' 

> • 

•* • • ' 4-49 

Na 2 S 0 4 

. 13-96 

CaS 0 4 

2-26 

NaCl 

. 27-09 

KC 1 . 

. , pfio 

Insoluble . 

-. ■ l» 4 « 

Water 

30-12 


The fresh residues' myst be fried from adhering magnesium 
chloride and carnallite by washing with water, because these 
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greatly interfere with the crystallisation of Glauber’s salt, which, 
however, is much assisted by on excess of common salt (see 
above^; the residues are therefore picked in such a way that 
they contain 4 mols. of NaCl to 1 of MgS 0 4 . 

The crude Glauber's salt obtained in this way has the 
following averagN composition :— 1 


Na,SO, * 

40-22 

NuCl . . t 

•' 1-23 

MgS() 4 . . 

0-47 

MgCl z . 

0-92 

CaS 0 4 

M 2 

Insoluble . 

I -40 

Water 

• 54-64 


It is useless fur most purposes, on account of its impurities, 
and is therefore either dissolved and recrystallised (refined 
Gltmbcr's salt) or converted into calcined sulphate. In both 
forms the glassworks prefer it to the sulphate made by decom¬ 
posing common salt with sulphuric acid, as it is quite free 
from acid and almost completely free from iron. The average 
composition of the calcined sulphate is:— 


N.-ijSO, 
CaS() 4 
NaCl . 
Insoluble 
l-e,0, 


1st. quality. 2 ti<l quality. 

<17 94 

M 11 


i-6 

2 *5 

03 * 

2-2 

0-04 

007 


Following this process, the works of the Lcopoldshall United 
Company in the winter 1872-73 made about 3750 tons, in 
1873-74 about 7500 tons, in 18^-75 12,500 tons, of crude 
Glauber’s salt. 

The coolers have a surface of 12,000 square metres, and in 
frosty nights furnish up to 150 tons of crude crystal in twenty- 
foyr hours. If all the Leopfcldshall and Stassfurt works would 
work up their residue in a similar manner, 35,000 tons of crystals, 
or 11,500 ^o 12,000 tons of calcined sulphate, could be obtained; 
but as this takes much space and capital, and the cost price of 
the sulphate is ’hardly less than that made in the usual way, 
many factories prefer only washing for crude kieserite. (This 
description is by Dr Frank, in Hofmann’s Ber., 1875, p. 363.) 

The crystallised Glauber’s salt can be obtained either in 
large crystals similar to soda, ta in small ones similar to Epsom 
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salt. This similarity in the apoearance of the crystals led to 
the extensive use of soda and Glauber's sal^, for the adulteration 
of Epsom salt at one time. 

In 1887 about 10,000 tons of crystallised Glauber’s salt was 
actually made in Stassfurt, whilst the quantity obtainable from 
the liquors would be frorr? 50,000 to 70,000 tolfc per annum. 

During recent years the production of Glauber's salt at 
Stassfurt has remained stationary or has even gone back to some 
extent, as it does not pay very well. Some factories recently 
erected have not taken up this branch at all, and others employ 
the kicscrite residues for the manufacture of potassium sulphate. 

The above descriptions may be supplemented by another, 
taken from E. Pfeiffer's Handbuch dcr Kali-Indm/ric, concern¬ 
ing the style of work pursued at Stassfurt. The raw material is 
the residue from dissolving carnallite in the manufacture of 
chloride of potassium. It contains from 45 to 55 per cent. NaCl, 
25 to 30 per cent. MgS 0 4 , etc.; and with it arc worked up some 
natural mixtures of a similar composition, occurring in certain 
strata at Stassfurt. When kicscrite is cheap, a mixture of this 
with rock-salt is used as well. The equation requires 97-43 
parts or^aCl to too parts of MgCl,; in practice twice as much 
NaCl is employed. The work is greatly facilitated by exposing 
the residue to the action of the air, at least for a week. The 
work of dissolving it* is the principal item of cost. The best 
yield is obtained in the following way:—The residue is broken 
up with pickaxes, or, in case of necessity, blasted, and thus 
reduced to pieces of the size of a fist, or, at most, of a man’s 
head; it is then put in wooden tubs, holding from 150 to 280 
cub. ft., and provided with a false bottom, with holes f in. wide, 
covered up with old jute bags. It is there covered with water 
of 45° or 5 & C, which ought to form a solution of sp. gr. i-2jt to 
1-29 at 38° C, at which tcmgeratiAe it is run into the coolers. 
One cub ft. of residue can yield 5 cub. ft. of liquor. This older 
process is very good, but it involves the breaking up of the 
residue and moving it twice, which is carried out by the following 
process, practised in the majority of recent Jwollrs :—The residue 
from dissolving the crude carnallite is* run quite fresh and warm 
into dissolvers, placed on a lower level, and is there treated with 
water and a little steam, with constant mechanical stirring for 
a quarter or half an hour. This produces a liquor, of sp. gr. 
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i• 32 to 1-345 in the muddy state, which is brought to the proper 
composition, if needful, by adding some magnesium sulphate or 



common salt. The clarified solution shows on an average a 
sp. gr. = 1 -28, and contains from 8 to 12 per cent. MgS 0 4 , 16 to 
23 NaCI, 1 to 2 KC 1 , 2 to 3 MgClj, 65 to 66-5 li., 0 ; per cubic 

foot = 6-37 to 9-58 lb. of MgS 0 4 , 
corresponding to from 17 to 
25-6 lb. of Na a S 0 4 , 10ILO. 

The crystallisation of Glau¬ 
ber's salt from these liquors 
taWis place during frosty 
nights in shallow wooden 
coolers, as represented in Fig. 
54, on a scale of ,? ff ; Fig. 55 
sjjows « corner on a scale of 
These boxes are carried 
on posts and girders, and are 
composed of li-in. planks, e, 
with joints caulked with hemp 
and tar-pitch ; the sides, /, are 
strengthened by stay*, d, and 
leave an available depth of* 81 in. ^ Corresponding to the 
usual length of the planks, «each box is divided into eight 
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compartments, leaving a number of holes, b, free for casting 
out the salt, lying on the eleven wooden drainers, y. The 
fresh liquor is supplied by spout a, The- space bel^w the 
cooling-boxes is employed for warehousing purposes. Such 
a cooler, with pillars,. etc., costs £270. One works at 
Leopoldshall possesses five coolers with a ?uiTace of 58,350 
sq. ft., which have .sometimes yieldecl a crop of 150 tons 
in a single cold night. JIarly «in the morning tin .mother- 
liquor (of sp. gr. 1-20 to 1-225) is run off before it has had 
time to get to a higher temperature. At some works they 
use iron coolers. ' 

The crude Glauber's salt contains from 3 to 9 per cent, of 
mother-liquor, with 27 per cent, of foreign salts (KC 1 , Nat l, 
MgCL, MgS 0 4 ). The purification of the salt will be described 
in Chapter VI. 

Proposals for modifying the Ordinary i'roicss. —(Jemm’s 
proposal of 1863, mentioned above, was the following:—To 
1 molecule of NaCl 2 equivalents (=1 molecule) of kieserite is 
employed, because if an equivalent quantity is used only half 
of the NaCl is decomposed and a double salt of Na 2 S 0 4 and 
MgS 0 4 is formed. If the double equivalent of kieserite is 
taken and the mixture boiled sufficiently long with water, all 
the NaCl can be decomposed. The solution is evaporated to 
dryness and the residue treated with steam at a red hejt: 
HC 1 escapes, and the double salt remains behind, mixed with 
magnesia. These are separated by lixiviation; and on 
evaporating the solution the sodium sulphate separates in 
an anhydrous state. These reactions, however, do not go 
smoothly in practice, and the saltcake thus obtained is 
too dear. 1 

Townsend (B. P. 1703, of 1879) mixes 50 lb. of mag¬ 
nesium sulphate with *483 lb. cotnrrton salt, dries and hoats 
in a retort, blowing in steam; HC 1 escapes, while Na 2 . 80 4 
and MgO remain behind. A 'ater patent of* the same 
inventor (Ger. P. 29307) describes modifications of his 
plan. Sprenger’s patent (B. P. 728, of ’i8^1) confes to the 
same thing. Precht 2 declares all thfcse proposals to be quite 
unworkable. 

• • 

1 Michels* Wtogrter’s Jahrcsbcr. } 1865, p. 288. 

1 Fischer’s Jahresber 1^81, p. 219. 
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5, From Common Salt and Calcium Sulphate. — Lord 
Dundoivild's proposal for this has been already mentioned. 
The next proposal of the same kind is stated, in Wagner’s 
Kegesten , p. 29, to have been made by Hodson; but no such 
patent appears in the English list, anjl there may possibly be a 
confusion with* Wilson, who cm 22nd November 1838 took out 
a patent, in which it it prescribed to byil together common 
salt, gypsum, and magnesium carbonate by steam in certain 
proportions. Calcium carbonate is formed, and from the 
solution, on concentration, anhydrous sodium sulphate is 
separated ;* magnesium chloride remains in solution. The 
magnesia is precipitated by lime, and reconverted into carbonate 
by a current of carbonic acid. Tilghman (patent of 1st February 
1847), among many other things, also proposed to bring equal 
parts of common salt and gypsum to a red heat in fireclay 
cylinders lined with magnesite, .and to conduct superheated 
steam over the mixture; the escaping muriatic-acid gas is 
condensed, and the residue worked up by lixiviation. This 
process has never been carried out on a large scale; and it 
could not succeed, as Knapp found 1 that the commencement 
of decomposition could be observed in a glass tube, but not in 
a gun-barrel—according to which, silica seems to play a part 
in Tilghman's process. 

, That on melting together common ^alt and gypsum no 
decomposition takes place, has been shown by Trommsdorff, 2 
Karstcn/' and * 11 . L. Huff. 4 Grccnshields (H. P., December 
1852) states that by adding powdered coal or coke, igniting 
and lixiviating, not pure sulphatd? but a product containing 
much sodium sulphide, is obtained, which was to be worked 
up with small coal and calcium carbonate in an ordinary Llack- 
aslj furnace. * 

■ Mickles 6 ignites a ihi.'Aure /if anhydrite, rock-salt, and 
manganese dioxide. The manganese dioxide interacts with 
the sodium chloride with liberation of chlorine, Whilst sodium 
sulphate and lime remain behind. In this process, however, 

at most f5 per cent."of sodium sulphate can be obtained; also, 

• 

1 Liebig's Jakresber.y 1847-48, p. 1054. 

2 Gmelin-Kraut’s Handbuch tier tyemie, 5th ed., ii. s p. 185. * 

3 Wagner's Regesten, p. 29. 4 L)i*glSpolyt. /, clxxii., p. 282. 

6 Rupert de Chim,, appl. 1862, p.^64. 
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the volatility of sodium chloride at a red heat is inconvenient for 
this and any similar processes. • 

Anthon 1 obtained an Austrian patent for the following 
process. It is ba^ed on the fact that magnesium carbonate 
is completely decomposed by calcium sulphate, magnesium 
sulphate, and calcium carbonate being for/fed, and on the 
other fact that comjnon salt and magnesium sulphate yield 
sodium sulphate and magnesium chloride. Equivalent pro¬ 
portions of common salt, calcium sulphate, and burnt magnesia 
are mixed with a weight of water from 6 to 8 times that of 
the common salt; and, with constant agitation, carbdnic acid is 
passed through up to saturation ; the solution is separated from 
the calcium carbonate formed, and evaporated, whereupon 
Glauber’s salt crystallises out, and magnesium chloride remains 
in the mother-liquor. Or magnesium carbonate is employed 
from the first, and the mixture stirred for three or four hours. 
The magnesia is to be obtained by burning magnesite or 
dolomite, by precipitating magnesium chloride with lime, or by 
sufficient heating of magnesium chloride. 

Another indirect method of preparing sulphate from gypsum 
was patented in Bavaria by Bandincr in 1832 s ; it has been 
proposed again by Fleck 3 and Rein sell, 1 and consists in con¬ 
verting finely powdered gypsum by means of ammonium 
carbonate into ammdnium sulphate, and preparing from the 
latter, by sublimation with common salt, sodium sulphate, and 
sal-ammoniac. 

Vogt and Figge (Ger. P. 34028) mix alkaline chlorides and 
calcium sulphate with magnesia, and heat these in a cupola 
from without by gaseous fuel, whilst superheated steam is 
passed through the mass; HC 1 escapes, and a mixture of 
Na.jSOj, CaO, and MgO remains behind. [This process cannot 
possibly work in an economic*! ma^ncA.] 

From gypsum and alkaline sulphites the Chemische Fabrik 
Grimau (Ger. P. 48269) proposes to manufactuee sodium 
sulphate by first neutralising the sulphite linuo/ with lime and 
then mixing with gypsum ; CaS 0 3 is precipitated and*s utilised 
as well. Such liquors are formed whefi alkaline sulphonates are 

1 Ding/!polyi. clxxi., p. 138. ,* Wagner’s Jahrestyr., 1858, p. 102. 

3 pabrik. chem. Prod, husihier. A bfalien, p. 131. 

* Wagner's Jahresber., 1870, p. 167.** 
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melted with caustic soda for manufacturing phenols; also as 
waste lyjuors from tjie manufacture of wood-pulp, etc. 

6. J'rom Common Salt and Ammonium Sulphate. —This 
process, in which sal-ammoniac is the prjncipal object and 
sodium sulphate only a by-product, ha^s been already mentioned. 
The process ha? been employed since 179s at Grenellc in 
France, later on by Pi'aickner, Persor, Poole, and others, and 
is still in common use. ;pnc t equivnjcnt of ammonium sulphate 
and two of common salt are dissolved in warm water and 
evaporated, so that anhydrous sodium sulphate is separated. 
When the* liquid is concentrated up to the point that a drop • 
solidifies on cooling, it is run off; on cooling, sal-ammoniac 
crystallises out. The proposal of Handiner, mentioned in No. 5, — 
belongs to this class as well. 

7. From Common Salt and Aluminium Sulphate or Alum .— 
This process has been already mentioned, where sodium sulphate 
is a by-product; as principal product it was made about 1750 
by Constantin at Welle, near Osnabruck, from alum, 1 and by 
Lord Dundonald in 1795 from aluminium sulphate (sec p. 168). 
The same decomposition has been again carried out (according 
to Wagner’s Rcgcsten ) by Grcn, S. Hahnemann, Fuchs, Piepen- 
brinck, and Tuhten; Pelouze and Kuhlmann’s patent of 1850 
and Cunningham's patent of 1850 also belong to this class. In 
ttyis process the object is either the preparation of alumina, 

AI.(SO,X t oNaCI f 3II.A) - jNa^SO, + Al„() a + 6HCI, 
or of aluminium chloride, 

Al,(SO,) i , + fiNaCI 3Na.,S0 4 + AI,Cl ( , 

Since most alum is nowadays not made from aluminous 
statist, but from sulphuric acid and clay, such a p*cparation of 
sodium sulphate can no longer take place as a principal 
product, but only as a by-product in making aluminium chloride 
for dyers, /He. 

8. From Common Salt and Ferrous Sulphate or Other Iron 
Salts. —That sodium sulphate can be obtained from ferrous 
sulphate and common salt, either by igniting them together or 
by mixing the solutions of both salts and exposing to the 
cold of winter, has long been' known. former process was 

1 YVagneriJ Regesten, p. 33. 
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described in 1789 by S. Hahnemann, the latter by H. van der 
Ballen, Lieblein, Tuhten, and Wiegleb 1 ; I,ord Dundoqald, in 
1795, likewise mentions it. As early as 1793, Athenas hgd an 
alkali-works in Pjris founded upon it. Wilson, on 22nd 
November 1838, patented| the addition of common salt to a 
boiling solution of ferrous sulphate, whereffpefn anhydrous 
sodium sulphate is precipitated and washed with a hot saturated 
solution of common salt, in prder Jo remove the mother-liquor 
of ferrous chloride. He further converted the latter into ferrous 
hydrate, and by means of this prepared sodium hydrate. . 

• According to Berzelius, 2 at Fahlun sodium sulphate was 
obtained from the pit-water and from the mother-liquor obtained 

• in making copperas, by mixing them with the proper quantity 

of common salt, evaporating to dryness, and igniting. The 
pit-water contains several sulphates, especially those of iron, 
which on igniting decompose the sodium chloride to form 
sulphate, whilst metallic chlorides are formed and partially 
volatilised; partially they give up chlorine and take up oxygen 
from the air. The calcined salts are dissolved in boiling water, 
and a crop of sodium sulphate crystals is obtained on cooling. 
Abich introduced the same process at Schoningen, and employed 
the ferrous chloride remaining in solution for making Prussian 
blue. 3 But in 1819 the same thing exactly was described 
in a patent of FullcBs. In spite of all this the process wa| 
described as new in 1852 by E. Thomas, Delesse, and 
Boucard. 4 • 

Macfarlane 5 ignites dried copperas and common salt in a 
current of air. At first ferric chloride is formed ; and this yields 
ferric oxide and chlorine; so that the residue contains sodium 
sulphate and ferric oxide. An addition of ferric oxide assists 
the reaction by making the mass more porous and less fusiblg. 
Eight hundred and twenty-eight pferts of copperas are dried 
in a gentle heat and partly oxidised, intimately mixed with 
352 parts of sea-salt and 78 parts of ferric oxide, bfought to 
a low red heat in a muffle-furnace, and a current of air dried 
by caustic lime is conducted over the mixture.* Tile temperature 
should not be so high that ferric chloride can sublime: the 

1 Wagner’s Rcgcsten, p. 30. 2 Lehrbuch der Chemir, -tt'rqed., iv., p. 153. 

* Mitscherlich, Lehrbuch dtr CJtcmie, 1847, if., p. 58. 

4 Wagner, loc. cit. 4 Sillitfimris Jourml [2], xxxvi., p. 269. 



178 MANUFACTURE OF SULPHATE OF'SODA 


mass must be stirred from time to time. In this case only 
chloride escapes, njixed with nitrogen : 

• 2FeS0 4 + 4NaCi + 30 = 2Na 2 S0 4 + Fe 2 O s + 2CI,. 

In the muffle there remains a mixture of ferric oxide and 
sodium sulphate, which is, without lixiviation, converted into 
caustic soda and iron’.sulphide by a process to be described in 
the Third Volume. Even „this process, where lixiviation is 
avoided, does not pay. 

J’ersoz and Kuhlman 1 in 1850 obtained a patent for decom¬ 
posing cemmon salt by alum-mud, basic ferric sulphate, or. 
calcined alum-schist—that is to say, .essentially the same 
materials as the last, only already partially oxidised. They - 
also introduced steam during the heating, so that the reaction 
• will be 

Fc„(S 0 4 )j + 6NaCI + 3H/) * 3 NaS 0 4 + Fe, 0 4 + 6 HC 1 . 

The residue is to be separated by lixiviation. 

It is evident that the process employing ferrous or ferric 
sulphate in the dry way is a transition to calcining pyrites with 
common salt (usually called I .ongmaid s process, supra, p. 163); 
the latter is however preferable, because the ferrous sulphate is 
not separated, but employed at once in the nascent state. 

9. Common Salt and Cupric Sulphate (Wilson, 1838; Hunt 
21st January 1840). 

to. Common Salt and Zinc Sulphate { Hunt, 1840; Boulton, 

B. P., 23rd February 1852; Kessler 2 ).—In both cases the 
process is essentially the same as that of Wilson, described 
above for ferrous sulphate; only the mother-liquors of cupric 
or zinc chloride arc precipitated by lime, and the oxides-worked 
up in various ways. Here the manufacture of sodium sulphate 
as principal product is nut of the question. To this class belong 
the manufacture of sodium sulphate from the mother-liquors 
of the wet copper-extraction. 

11. From Common Salt and Manganese Sulphate.— Barrow 
(B. P., «26th February 1856) describes this process, which is 
quite analogous to the former ones, as part of a very unpractical 
and complicated new process for manufacturing alkali. 

12. From Common Salt and Lead Sulphate.— Marguerftte in 

1 Ding!, polyt. cxxxiv., p, 391,. * Wagner’s Jahresber ., 1S59, p. 244. 
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[855 patented the following processEquivalent proportions 
of lead sulphate (obtained by calcining galena) and common 
salt are mixed, and the mixture is heated for a long tiine in 
retorts or open roasters up to a bright red heat. Sodium 
sulphate and lead chioridejare formed; the latter is volatilised, 
and condensed in a suitable apparatus. The # re$iduc contains 
undccomposcd lead sulphate and sodimn sulphate, which arc 
separated by dissolving and evaporating; the lead chloride is 
again converted into sulphate by means of gypsum or Epsom 
salt, and it is therefore the latter that furnishes the sulphuric 
•acid, not the lead sulphate, which only serves as carficr. The 
reactions arc:— • 

I. sNaCl + PbSOj Na.,S 0 4 + 1 'bCI.,; 

II. i“bCl„ + MgSOj PbS() 4 + MgCb 

(or CaS 0 4 ) (or CaCL) 

This process was described in detail 1 ; it has never bee 
carried out on an industrial scale, in which a complete cor 
densation of lead chloride and the avoidance of other losses 
of lead could certainly not be expected. 

ij. i'rom Manganese Hyposulphatc (Dithionate).— This salt 
is obtained by digesting manganese peroxide with an aqueous 
solution of SO.- Condy (B. 1 ’. 5383, of 1885) prescribes treat¬ 
ing manganous dithiohate with aqueous solutions of nitrates, 
chlorides, or acetates, whereby nearly all the alkali is converted 
into hyposulphate, which is not very soluble in tne solution of 
manganous salts. The dithionate is converted into \ery pure 
sulphate by igniting. This is evidently intended to be used in 
connection with the manufacture of permanganate. 

14. From Sodium Silicate. —Basset (l''r. P. 386C82, of 1908) 
proposes two*mcthods of manufacturing sodium sulphate from 
sodium silicate : (1) By fusing a mixturb of sodium silicate anfl* 
calcium sulphate and lixiviating the product; or (2) by mixing 
calcium sulphate with a solution of sodium silicate-and dis¬ 
solving out the sodium sulphate formed. §odmm silicate 
must be obtainable more cheaply than at prffsenr before either 
method is like to be used commercially.* 

1 Dingl. polyt. J.* % civiii., p. 208. 
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B. Su/phatf of Soda obtained as a By-product. 

In most natural waters we find small quantities of sodium 
sulphate, or, to speak more correctly, of sulphates and sodium 
salts at the same time. Preparation fjf Glauber’s salt from this 
source on aif industrial scale is only exceptionally possible, 
chiefly when the liquid has been previijusly concentrated for 
other purposes, and Glauber’* salt cm be got from the mother- 
liquors. This is especially the case in the manufacture of 
common salt from sea-water or from brine; Glauber’s salt can 
be made* both from the mother-liquors and the pan-scale* 
obtained in this manufacture. 

Sodium sulphate, usually in a very impure state, is manu- * 
factured as a by-product in sundry chemical manufactures. 

I . In manufacturing hydrochloric acid from common salt and 
sulphuric acid, in cast-iron cylinders and in glass retorts (Chapter 
111 ., supra , pp. 73 ct seqi). Here hydrochloric acid is the prin¬ 
cipal product; and in manufacturing it less than the theoretical 
quantity of sulphuric acid is employed, both because common 
salt is much cheaper than sulphuric acid and may rather be in 
excess, and because contamination of the distilling hydrochloric 
acid by sulphuric acid is thus avoided. This manufacture is 
still carried on in several places on the Continent and in 
the suburbs of London, but on a smalf scale nowadays. The 
product is called <yliudcr-cahc or saltcahe, the latter in the 
north-east of England, whilst this expression in the west always 
meant ordinary calcined sulphate: it contains from 7 to 
10 per cent, of NaCl in excess; and its use is restricted 
to glass-making and to a few alkali-works, where it is 
mixed with a little more sulphuric acid in the ordinary 
siltcakc-furnaccs and made into finished suljJhate. It is, 
'However, very difficult'to sell.. This process is discussed in 
detail in Chapter III. 

II. Manufacture of Saltcahe and Hydrochloric Acid from 
Nitrc-cake. —In the manufacture of nitric acid, the proportion 
of sulphuric acid to sodium nitrate is usually such as to yield 
a product which appr6ximates more closely to acid sodium 
sulphate than to the neutral sulphate. Calculated from the 
acidity, the product “ nitre-cake ’’ usually contains about 30 per 
cent, of “free acid,” but vark-s between wide limits (7 to 35 per 
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cent.) in various works. Large quantities of nitre-cake were used 
up in the Leblanc-soda works, by mixing ii with a quantity of 
salt corresponding to the amount of “ free acid," and adding this 
mixture to that noynallj charged to the saltcake pans. This is 
by far the most rational process when a Leblanc-soda factory is 
near by, but nitre-cake is often produced in plifceS remote from 
soda works. Where there is a market for neutral sulphate, e.s;., 
for glass-making, or where hydrochloric acid is requir, ji, nitre- 
cake can often be uiilised by one of the processes given below. 
Nitre-cake is not readily saleable, and the saltcake manufacturers 
• do not pay much for it so that if there is any local demand 
for hydrochloric acid) saltcake, or Glauber’s salt, it may be 
well worth while to manufacture from the almost valueless 
nitre-cake even on a comparatively small scale. A special 
advantage of certain furnaces, such as that of Six and Guttmann, 
is that a very concentrated hydrochloric acid is readily 
obtained. 

Where it is possible to sell crystallised Glauber's salt, this is 
sometimes made by dissolving nitre-cake in leaden vessels by 
the help of steam, preferably with addition of some fresh saltcake, 
settling the liquor and running it into shallow lead-lined coolers, 
with strips of lead hanging down from the top. The “ free acid ” 
remains in the mother-liquor, which is rarely worth anything 
principally owing to its great percentage of iron. , 

Herberts (Ger. P. 28769) uses nitre-cake for making 
Glauber’s salt and carbonic acid. He dissolves ft, runs it into 
a lead-lined horizontal cylinder, provided with agitating gear, 
and adds ground carbonate of lime. The C 0 2 is employed at 
will; the residue in the cylinder is separated by filtration into 
solid gypsum and a solution of sodium sulphate, which is 
concentrated* by evaporation. , 

Rommenholler and I.uhmann ((?er.*P. 63189) mix nitre-calff” 
with coke-dust, ignite it in a muffle-furnace, and employ the 
neutral sulphate formed in this way as such, or conv#rt it into 
sulphide and decompose this by C 0 2 . The Lothian Chemical 
Company in 1916 carried out some experiments on tfic use of 
nitre-cake in somew'hat similar manner. They found that 
nitre-cak^when warmed with about 5 per cent, of combustible 
material, such as coal-(lust or pitch, decomposed it a very low 
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the sulphur dioxide corresponding to the “free acid.” This 
was ne\cr applied on the technical scale but might prove useful, 
particularly where it could be arranged to utilise the large 
quantity of sulphur dioxide evolved. t 

Barbicr (B. P. 10450, of 1892)^ recovers Glauber’s salt 
from a solution ^>f nitre-cakc by cooling. A solution of 1-4 or 
1-5 sp. gr. on cooling down to io° yields ( a crop of crystals of 
Na.,S 0 4J 10ILO, whilst sulpljtiric arid of sp. gr. 1-34 to 1-45 
remains in solution, of course together with, some unchanged 
bisulphate, which he proposes to recover by adding 35 or 40 per 
cent, sulphuric acid of sp gr. l-8o, or better, by evaporating to * 
sp. gr. 1-53. His apparatus consists of v cast-iron or leaden 
cooler with partition walls, each compartment of which can be 
cooled at will. For treating 5 tons of nitre-cake per day he 
requires four compartments of 7 cbm. each, or eight of half the 
size. 

Bouchard-I’raceig (Fr. P. 221245) proposes employing nitre- 
cake for decomposing solutions of bleaching-powder, and makes 
a calculation, according to which the calcium sulphate (“pearl¬ 
hardening ") formed pays all expenses, so that the chlorine is 
got for nothing! 

Bollo (B. P. 6X9S, of 1904) describes precisely the same 
process, merely adding the employment of mechanical stirring- 
apparatus. • 

Chatficld (B. P. 19530, of 1893) dissolves nitre-cake in 
water, neutralises with ammonia vapour from gas-liquor, etc., and 
filters. If the nitre-cake had been real NallS 0 4 [which is very 
far from being the actual fact], the solution will contain 48 per 
cent, ammonium sulphate. Many modifications of this idea 
were tried and some put into use on a large scale during the 
war when nitre-cake was plentiful and sulphuric Vid difficult 
to obtain. This and other dscs fyr nitre cake arc dealt with in 
the volume on Nitric Acid and Nitrates. 

Hart (U.S. P. 698704) and the General Chemical Company 
(B. P. 9875, of H)02) introduce a mixture of common salt and 
sodium Bisulphate (or sulphuric acid) by means of steam in a 
continuous manner into h revolving cylinder, heated just below 
a red heat. The MCI escapes continuously, and th* sulphate 
formed, as the inventor asserts, contains, neither free sulphuric 
acid nor sodium chloride. 
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Hipp (U.S. P. 726533, of 1903) dissolves the nitre-cake, 
precipitates arsenic, selenium, lead, etc., hy means of.alkaline 
sulphides, evaporates the clarified solution down to sp. £r. 1-85, 
mixes with common sak, and ignites the mixture. 

Parker (B. P. 2463$, of 1903) dissolves the nitre-cake, 
neutralises the solution with iron, and treats'thc solution with 
sodium carbonate or hydrate. ’ 

Hartmann and Bcnkcr, (B. P, 1844, of 1907) mix with the 
ground nitre-cake a large quantity of finely ground ordinary 
saltcake, fine sand, etc., so that the mass on heating dogs not 
flux. When heated to a red heat, free sulphuric acid distils off 
and ordinary sulphatfc of soda remains behind. 

With the similar claim that formation of a pasty mass at 
any stage of the process is prevented, J. H. Neild (U.S. I’. 

1102539, of 1914) proposes the addition of a substantially inert 
material such as an equal weight of saltcake. 

Nibelius (U.S. P. 873070) treats a solution of nitre-cake 
with “ a volatile solvent which dissolves the acid, but in which 
the sodium sulphate is insoluble.” The solution containing the 
free sulphuric acid is separated from the undissolved normal 
sodium sulphate, and is subjected to distillation at reduced 
pressure, in order to recover the solvent in the distillate and the 
sulphuric acid in the residue. Such solvents are alcohol, wood- 
spirit, fusel oil, etc. • 

Garroway (B. P. 11986, of 1905) mixes a solution of nitre- 
cake with sodium sulphite, prepared from sodiu'fi carbonate and 
S 0 2 , with the assistance of steam. The S 0 2 hereby liberated 
is absorbed by water. 

The Chemische Fabrik Grunau (B. P.6898, of 1904) prepares 
normal sulphate and sulphur dioxide from nitre-cake by heating 
this in a ca 5 t-iron retort, provided with a stirring arrangement, 
together with 12 per cent, i^wduit, mid 2 per cent, cokc-dpe* 

( cf. the previous patent of Rommenholler and Lohmann). 

E. Teisler (Ger. P. 300723 of 1016) patents th«.addition of 
solid substances resistant to hydrochloric acid, such as carbon, 
in order to prevent segregation of the mixturc”duc tefthe fusing 
of the nitre-cake. 

. A v*ry interesting process has been worked out by Th. 
Meyer, whose patents h^ve been'partially taken flut by the firm 
of K. Oehler, by whom they ha*c been carried out in practice 
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(i • P. 2856, of 1902; U.S. P. 702877; Ger. P. 186398). Meyer 
has given a special report on it. An intimate mixture of nitre- 

tTv^vT' u mm ° n Salt ’ S br ° Ught Up t0 the ret l uisite (compara. 
t vely low) temperature in ordinary muffle-furnaces, no mechanical 

tirrers being required if the nitrc-calfc does not contain more 

than 3 per ccitt. of moisture If, therefore, it cannot be used 



while still hot, it should be cooled down in closed boxes ground 
in a disintegrator and mixed in slowly revolving cylinders with 

in* C the a f ql fth tity . 0 , f ft tHat "°f t0 2 ' 5 Pcr cent acid -mains 
in.the free (bisulphate) stage. Each furnace receives .0 cwt of 

this mixture, and three charges can be turned out in twenty-four 

hours, yielding each 6 cwt. of sulphate, and 5 cwt. of muriatic 

' Chan. Zcit.f 1906, pp, 1295 et seg. 
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acid of very high strength. The mass is not fluxed, but merely 
sintered ; a little dry sulphate, previously spread over the furnace 
bottom, prevents it from acting upon the brickwork. .If the 
muriatic acid is toS)e entirely free from nitrous acid and chlorine, 
this is brought about b)J adding from 2 to 5 j>er cent, charcoal 
to the mixture; this generates some SO.,, which’destroys those 
impurities, and at that low temperature no sodium sulphide is 



formed. The temperature at the top of the mass should 
exceed 450" to 500' as controlled by a pyrometer. Another 
patent of Oehler’s (Ger. P, 165099) describes some improve¬ 
ments in the way of preventing escapes of H£1 intc^ the outer 
air. These processes were in work at Oehltr’.i factory, but were 
stopped after some time. 

•Hecb&nical Furnace,— A process of the Verein Chemischer 
Fabriken at Mannheim »has been working for some years past, 
and has been found, very efficient. A mechanical_ saltcake- 
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furnace (Ger. I’. 137906; B. P. 16207, of 1902) is used. This 
might serve also for >thc manufacture of saltcake from common 
salt and sulphuric acid, but is actually only at work for working- 
up nitre-cake. The furnace is shown in Figs. 56 to 58, The 
muffle and stirring apparatus are connected in such manner that 
no shifting of'the machinery can take place. The brickwork 



serves merely for the fire-flues and for preventing losses of heat. 
A is the muffle with the pan a, the bearing b, the cylindrical 
mantle r, and tlje cover d. It rests on the cast-iron frame D. 
c e are cleaning-holts, / is a scraper for the cover d ; g the 
charging pipe, and g the &as-exit pipe. B serves for connecting 
A with D; h a stuffing-box for the revolving shaft of .the 
stirring-machinery C, with the shaft i, the nave k, the arms /, 
and the scrapers m. The mixture is poured into funnel n, and 
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by means of the worm o it is charged through g into the muffle. 
The finished product runs continuously through the,outlet />, 
with an automatic closing-arrangement, q, into trucks Tne 
gases arc drawn Away through The fire-gases pass first over 
the cover and round thd mantle, then through the openings r 
underneath the pan, and through s into th*e thimney. This 
furnace works at a comparatively low temperature, requires but 



Note .—The rath of the furnace gtse* i> indicated by numbering the compartment* of the 
muffle and those under the dearth coniecotively. ^ J 

• 

little fuel, and yields very strong hydrochloric acid. One such 
furnace requires 7 h.-p. and turns out in twentj^four hours 
7 tons of saltcakc, with 0-5 per cent. NaCl and 1 to 1-5 per 
cent, free acid ; it requires 2 cwt. coal for a ton <ff saltcake. 
The pan and cover last about two years, and turn out from 
4000 to,5000 tons saltcake; the scrapers must, of course, be 
renewed more frequently, but tht' other parts of'the machinery 
last much longer. 
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Another Mechanical Furnace. —A furnace operating on the 
same principle but of different design is that of Six and 
Guttmajin (K. P. 4226, of 1915). The furnace is of the closed 
or muffle type and is continuous in operation. >Thc bed consists 
of cast-iron plates on which the mixturf is continuously rabbled 



Fie. 60. s-Ton Mechanical Saltcake Furnace, Tyre Ii. (B. P. 4226, of 1915.) 
Approximate Scale J in. - I ft. 

A. Mechanical Rabbling Arrangement. 1> Special Charging Door* for Salt and 


H, Rabble* of high speed Tool Steel. Two 
•lets each of two rows of .Scrapers ^ 
TTOM Iron Plates forming Hearth. * 


Nitre-cake Mixture. 

K Screw Conveyor for renewing Saltcake. 
F Hydrochloric Acid Has Outlet. 
i 1 Mechanism- U to 8 H.P. required. 


by rakes attached to two stout iron rods which arc moved 
mechanically to and fro. The general design of the furnace 
will be seen from Fjgs. 59 and 60. The furnace can be used 
for saltcake manufacture in the ordinary manner, or for working 
up nitre-cake with salt without addition of sulphuric a<^d. The 
ground mixture of nitre-cakc .and salt may be charged either 
continuously or intermittently 
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The following figures, based on 1917 costs, are supplied by 
the patentees for two furnaces of their. A type, capable of 
producing 6 to 10 tons per twenty-four hours:— f 

Materials - ' ' £ s. I>. 

Crushing 1 ton nitre-cake . .010 

Salt 7| cwt. at £2 per ton . ■ * o 15 o 

Coal, maximum of 3 to 4 cwts, at £2 per ton, say o 8 o 

• % 

Total cost of materials 

Operation— 

i’ower, 16 H.P. at lid. per unit 
Process wages 
General rvages 
Repairs, cost of materials . 

Repairs, wages 

General expenses, light, water, etc.. 

Depreciation, 1; per cent, on /4000 
Total cost of operation 

Total cost of manufacture per ton of nitre-cake . ,£1 j 8 3 

The above quantity of nitre-cake and salt should yield 1 ton 
2 cwt. of saltcake and II cwt, of 35 P cr cent, hydrochloric acid. 

Through the courtesy of Messrs The Slavcly ( oal and Iron 
Company, Limited, I had the opportunity of inspecting a 
furnace of this type, and Mr J. A. Wilson kindly gave inc 
some information regarding their procedure. Their nitre cake 
contains 28 to 32 per cent, of" free acid,” and is ground up with 
the appropriate amount of salt in a pan mill. Charging is done 
intermittently by means of a long 3-in. steel tube, the part 
which is thrust into the furnace having the top half removed 
so as to make a shallow, semi-cylindrical, long tray. 1 his is 
fillccf with the mixture, pushed into the furnace along a recess 
in the centre of the roof, inverted, and the empty tube tjien 
withdrawn. The two main rqds carrying the rakes are prolong'd 
and pass through bearings at the opposite end to the driving 
mechanism. This obviates any tendency to dnjop through 
support at one end only. At each end of the furnace is a bin, 
about 12 in. wide and almost the full width orthe furtiace. The 
saltcake is raked into these bins by the operation of the rakes, 
and is withdrawn through doors at the side from time to time. 
The centre is slightly higher than the end and is the hottest 
part of the furnace, the temperature at the arch being 600 to 


S. 1). 

2 o 

5 J . 

1 0 

1 6 
o y 

2 o 

2 O 

o 14 3 
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700°. The heating is by means of gas and is consequently 
readily pontrolled. .Two men per shift were employed, the 
output .being at the time of my visit about 5 tons of saltcake 
and 550 gallons of 28” to 30' Tw. hydrochloric acid ; but this is 
much below the maximum output of the furnace, being all they 
required at thc'tfme. Hydrochloric acid of 35 per cent, can be 
obtained, and the condensation and draught arrangements 
appear excellent. The condensing, system consists of (a) a 
catch-towcr (/') 64 condensers (e) a coke-tower, and finally {d) 
a colac-filter. 

The catch-towcr is in two compartments communicating at * 
the bottom. The first is filled with broken firebrick and the 
second with Guttmann cells, which arc sprayed with the 
hydrochloric acid returned from the first two condensers. At 
first the first compartment was sprayed intermittently with the 
liquid, but the earthenware cracked so frequently that the 
spraying was abandoned. The acid in the first two condensers 
is impure and is therefore run back entirely to the catch-tower. 
The catch-tower is washed out weekly. The condensers, on 
account of the fact that they were worked much below capacity, 
required no cooling. After the condensers the gas passes to 
a tower 30 ft. high and 4 ft. square, inside measurement. The 
bottom third is filled with Guttmann cells and the upper two- 
thirds with best Durham coke, graded from bottom upwards. 
Before passing to the chimney flue, the gas is passed through a 
small coke scrubber to wash out any uncondcnsed acid. 

Neutralisation of Nitre-Cake .—It would seem highly improb¬ 
able that saltcake should be made by neutralising nitre-cake, but 
J. D. Pennock, Solvay Process Company (U.S. P. 870746, of 1907), 
proposes that alkaline sodium compound be ground with the 
nit(c-cake in approximately reacting proportions and the 
mixture heated to a temperature^ above 125'’. 

During the abnormal conditions prevailing since the war, 
it has actually paid to carry out a process on these lines, and 
the author has seen the manufacture of saltcake from nitre-cake 
by neutralisation in'operation. The nitre-cake was fused in 
an iron pan to drive out etater, and the molten mass run slowly 
into a pan mill in which it was ground up with the requisite 
amount of dry soda-ash. It wis not fojuvl possible under any 
conditions to grind the nitre-cake and soda-ash together without 
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this preliminary heating and fusion. The process gave a poor 
product and was very uneconomical. Unless left noticeably 
acid it was dark brown in colour, and it was usual for lumps of 
nitre-cake to escape neutralisation altogether. 

Other Sources of Sulphate of Soda as a £y--Product. 

In treating pyrites-cinders by routing with salt for the 
extraction of copper , large quantities of sodium su'ohate arc 
produced, and many attempts have been made to utilise it, but 
none of these have been economically successful. Details in 
volume on Sulphuric Acid. * 

It has been attempted to make sodium ndphate from non- 
cuprcous pyrites-cinders , especially those containing zinc, by 
special methods; but the economic success is equally doubtful. 
According to a German patent of the Konigshiitte Mining and 
Smelting Works (No. 28465), roasting with salt has been tried 
for this purpose. 

Urquhart and Rowell (Ik Ps. 292 and 293, of 1883) produce 
sulphate of soda as a by-product in decomposing sulphate of 
strontia with carbonate of soda. 

Smaller quantities of sulphate are obtained, for instance: 

In the manufacture of sal-ammoniac by subliming ammonium 
sulphate with common salt; in that of corrosive sublimate from 
mercuric sulphate ar.d common salt; in amalgamating silver- 
ores ; in making aluminium chloride from common salt and 
alum ; in purifying mineral oils by mixing th£ sulphuric acid 
and caustic lye used in purifying, and skimming off the tar 
(described by Hrcitenlohncr'); in neutralising organic sulpho- 
acids containing a large excess of sulphuric acid by soda; and 
especially from the alkaline fusion in the manufacture of 
resorcin, alizarin, etc. Kessler 2 proposes to obtain sodium 
sulphate from the zinc sulphate* of* galvanic cells by m^ns 
of common salt. 

In most of the cases just mentioned the sulphide, owing to 
its low price, cannot be recovered economically, unless at least 
the crystallised salt is obtained by spontaneous crystallisation 
without any expense of evaporation. Usually the solutions 
containing the sulphate are run to waste, because they cannot 
be profitably worked pp, ' 

1 Dingl. polyt. clxxv., p. 459 ' *''' Wagner’s Jahresber.,. 1859, p. 144 - 
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Manufacture of Sulphate from Mother-Liquors and By-Products 
of Saltworks and Salt-Gardens. 

(i) Froth Mother-Liquors. — In these there are always 
chlorides and sulphates of sodium, magnesium, etc., present 
(calcium chlorfde has at a previous stage been converted 
into gypsum, which has got into the pan-scale), and, according 
to the temperature, the acids..and bases combine in different 
ways. In the salt-gardens (marais salants) on the Mediter¬ 
ranean, worked according to the process of Balard, Merle, 
and Pechiifcy (much the same as a process introduced into 
the Schoenebeck saltworks by Hermann at the beginning of 
the present century), concentration by spontaneous evaporation, 
after the purer common salt has been separated, is allowed 
to go on till (at 58" to 64“ Tw.) a crystalline deposit of equal 
parts of Epsom salt and common salt {pels mixtes) has been 
formed. This is drained, in order to remove, as much as 
possible, the deliquescent magnesium chloride, dissolved in 
water up to the point of saturation (55” to 57° Tw.). The 
solution is cooled in winter by natural cold, in summer by 
Carre's freezing-machines. Glauber's salt crystallises out, 
and magnesium chloride remains in the mother-liquor, 
thus :— 

MgS<), + sNaCl = Na.SC>., + MgCl,,. 

The decomposition is most complete if to 1 molecule of 
Epsom salt there arc 3 instead of 2 molecules of common 
salt; then, on cooling to — 1° or — 2” C, almost four-fifths of 
all the sulphate which the mixed salts can furnish is actually 
obtained. It is drained in the cold; and from the mother- 
liquors at +5" to +6'C. (in autumn) crops of Epsom salt are 
obtained, which, dissolved with common salt and cooled, furnish 
new quantities of Glauber's salt. Too much cooling must be 
avoided, as otherwise carnallite (MgCl„, 2KCI, 6H./J) crystal¬ 
lises out, which ought to happen only with the last mother- 
liquors, The crude Glauber's salt is sometimes purified by 
dissolving in tepid water and crystallising. 

The sulphate prepared in this way could not, possibly 
compete with 'that of the alkali-works, unless the common salt 
and the potassium chloride, ivhich are the principal products, 
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paid the expense of the process, and unless the dehydration of 
the Glauber’s salts was effected in some cheap way, r.g., bv 
Pechiney’s process with common salt or sets mixtes. • 
Lunge found the process to be carried on in the* following 
manner at Pechiney’s Giraud works:—The jels mixtes are 
corrected by adding magnesium sulphate or common salt, in 
order to obtain thoi cor*ect proportions. The mixture is 
dissolved to sp. gr. 1-263^ the iiquor obtained later, on in 
dehydrating the Glauber's salt is added, and the whole cooled 
down to + 0 “ by means of a freezing-machine. The liquefied 
Ammonia is passed through a box, about 13 ft. long, try means 
of a number of parallel, thin iron tubes, wmre it is mostly 
converted into gas; the liquid and gas pass first through 
another similar box, and then through a solution of “ mixed 
salts,” which thereby receives a preliminary cooling, and then 
returns to an apparatus, where it is converted into liquor 
ammonia.- by injection of water. The cooled salt solution is 
conveyed through the freezing-boxes in the opposite direc¬ 
tion. The decomposition of the salts into magnesium chloride 
and Glauber’s salt (which separate in small, mud-like crystals) 
takes place principally in the first box. I11 this a frame moves 
backwards and forwards in a horizontal direction, carrying 
a large number of rakes reaching down between the cold 
ammonia-tubes. The lower part of each rake moves in it 
joint which allows a motion only in one direction. When 
the frame moves towards one of the ends o r the box, the 
rakes drag along and have no effect; when the frame takes 
the opposite direction, the rakes stand up and thrust the 
muddy^ deposit of Glauber's salt towards the other end of 
the box, where it is lifted up by a chain of buckets and is 
drained in a tTough, lined with thick, planks, to prevent cooling. 
The salt is further drained, still in the cold state, in a centri¬ 
fugal machine, and is then submitted to Pechiney's dehydration 
process. Since the dehydration of Glauber s salt by fire 
is a very awkward operation, whether the jtre acts from 
below or from above, l’echiney utilises the 'greater attraction 
for water possessed by the above “ mixeef salts ” at a temperature 
of 8o # . Glauber’s salt changes into anhydrous sodium sulphate 
far below this tempcraUtre. Tire < Glauber's sal* is mixed 
with 45 per cent, of its weight the “ mixed salts, the 
. * rf 
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whole is heated to So°, and is “whizzed" in a centrifugal 
machine, m winch the anhydrous Na 2 S 0 4 remains behind 

it i ' emp , er * ture u of the ma g m * must never sink below 33° i 
is washed with warm water, which leaves Na SO with 
only 4 per cent, water, and almost free from magnesium la t 

ord r " m u Cd S3ltS ” hGrCby f ° rmed " cooTed in' 
der to separate them as above ,-stated so that u i 

operation costs next to nothing. A dissolving-cylinder of 6i°ft 

diameter and 4 ft. h.gh, and a small centrifugal machine form'the 

whole apparatus for dehydrating , 3 tons ofldium sulphate. 

^ d r me * 

I he residue consists of a powder, mainly composedT N^So' 
H 2 0 from which the last of the water is easily expelled in a 
reverberatory furnace; even without this it is di^ct v fit for 
oarnage to a distance and for many applications of I £ke 

ssxstt&rj? rr ° f f" 

'7“'* O-'-Ms.nd char S ad 

time been filfcd with fresh water T 1 ' h hc mean * 

.h.«o» ,„ uehs j'rLdXrr^ 

6 ft. wide, serve as coolers; the liquid should not staid in 

... ‘”, l,r8c cry ‘““ 

“™„lr«"n“e. h d 

cooler to the other r this gentle movement causes the 
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separation of many individual crystals, which afterwards grow, 
especially in the longitudinal direction, and thus acquire the 
peculiar acicular aopearance exhibited by the so-called English 
Glauber’s salt. If the liquid were moved too much, or stirred 
about, as in making Epsom salt, instead of well-formed crystals 
only a muddy crop would be obtained. If, on the other hand, 
the liquid is allowed to remain at perfect rest, the salt crystallises 
principally at the sides and the bottom in the shape >r large, 
firm, well-formed crystals, whi. h must be detached with a < hisel 
and broken up. 

* When the cooling is complete, the mother-liquor*is drawn 
off by a siphon, the salt is put into a tub with a plug-hole in 
the bottom, and the liquor drained off clear. The remaining 
mother-liquor is removed by sprinkling cold water on the salt 
with a watering-can and allowing it to stand for twenty-four 
hours to drain. The salt is dried on wickerwork trays, in 
summer in an open place protected from dust, in winter in a 
gently heated stove. The crystals are only left in contact 
with air until the)' show the first traces of effervescence on their 
surface ; otherwise they would become unsightly in appearance. 

(3) On working-up kelp , sodium sulphate is also obtained, 
after the crops of potassium sulphate, potassium chloride, 
common salt, and sodium carbonate have been got out, just 
before the working foi* iodine commences. 

(4) Sodium Sulphate from Cryolite— H. Bauer (Gcr. P. 52G36) 
shows that on fluxing 5 parts of cryolite witn 12 parts of 
anhydrous calcium sulphate, the following reaction takes place:— 

A 1 ,F C , 6NaF + 3CaSO, = 3Na,SO_, + 3CaF„ + A 1 2 F C . 

The malt is boiled with water, the solution is concentrated by 
evaporation, filtered from the precipitated gypsum, and allowed 
to crystallise. The same reaction*is,stated to occur when 
cryolite and gypsum are boildd with water for a long time. 
1 he residual mass of calcium and aluminium fluorides is to be 
worked for aluminium sulphate and hydrofluoric* acid or 
ammonium fluoride. [It is difficult to uqdcivtand .how an 
inventor can suppose that a process yvill pay in which the 
sodium is turned into almost useless Glauber’s salt, and the 
alumina iifto a crude residue, whilst in the old process of 
decomposing cryolite by calcium, carbonate the sodium is 
recovered as carbonate, and the alumina in a pure fosm.] 



'CHAPTER* V 

Tilt MANUFACTURE OK SUI.l-HATE 01 - SODA BY THE 
PROCESS OK HARGREAVES AND ROBINSON 

• 

Tills process, which only attained its limited measure of success 
after years of incessant effort on the part of the inventors, gave 
promise a few years ago of becoming the chief process for the 
manufacture of sodium sulphate. Each disappointment only 
brought forward a new improvement from the inventors until 
it seemed that the process had fairly established itself. 

At the time of its introduction circumstances were in favour 
of the Hargreaves process, which even in its infancy roused 
the greatest hopes among the English alkali-makers, and in 
spite of the great cost of plant, spread with comparative rapidity. 
In 1891 there were seven Hargreaves plants in Great Britain and 
Ireland, with 110 cylinders and a producing capacity of 200 tons 
«f saltcake per day; in France three plants, in Germany two 
plants, Undpr normal circumstances it is very probable that 
the Hargreaves process would have extended in an increasing 
ratio, and perhaps have become the prevailing system of 
manufacturing saltcake. But it came a little too late. It had 
hardly got through its earlier stages, when the further extension 
of the Leblanc alkali process was checked by the ammonia- 
!*xla process, with the consequence that the* former was 
Compelled to lay the greatest stress on the recovery of 
the largest possible quantity of highly concentrated hydro¬ 
chloric acid, which was no easy matter with the Hargreaves 
process; mospover, Leblanc alkali-makers could not but 
hesitate to embark further large sums in an industry which 
seemed to be destined to be extinguished within a comparatively 
short time. , * 

There arc now no Hargreaves pknats running in England, 
the last having closed dow'n in 1918. The fascination of this 

IN 
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process for inventors, however, is in itself '.efficient to justify a 
more extended reference than that of most processes mentioned 
in the last chapter. A full description of the process \yill be 
found in the last edition (Vol. II., Par; i, Chap. IV.). * 

• , 

Description of Hargreaves Prooess. 

• * 

From time to time, nvmy attempts have been made to 
manufacture saltcake without the intervention of sulphuric acid, 
by the direct action of sulphur dioxide, air and sbam on sodium 
chloride. Patents ii this direction were taken out, ifl 1850 by 
Gossagc, in 1853 by "Robb, in 1855 by Armbruster and Laist, 
in 1856 by Remond, in 1857 by Rrooman, in 1858 by Mesdach, 
in 1863 by Thibiergc ; also I.ongmaid's process (1842), itself 
the revival of a much older process, applied the reaction 
that comes into play here, in a very different manner from 
the present. A decisive step was the local separation, first 
mentioned in Rrooman's patent (1857), between the evolution 
of sulphurous acid from pyrites and its action upon salt. For 
this reason a patent of Konigsand Henderson (22nd June 1871), 
which reverts to a mixture of ferric oxide and salt, without 
any other novelty of importance, has never had any practical 
success. 

None of these former proposals was successful ; even the 
first-mentioned process ol Hrooman’s has never been carried out 
practically; and the merit of real inventors cannot be denied 
to Hargreaves and Robinson, whose mutual efforts at length 
made the process successful. 

Hargreaves and Robinson, of course, did not pretend to have 
been tfie first inventors of the process of making saltcake by the 
action of suljlhurous acid upon corrynon salt in the presence <>f 
air and steam ; they only claimed to liave made that prooess 
practicable by a large number of patents. The first of these 
dates from 7th January 1870. It gives only an outline of the 
process; whilst two subsequent patents, of 8th November 1870, 
already had all the essential features of the apparatus now in 
use, but with this great difference, thift the gas still travelled 
upwards in the cylirders. In their fourth patent, of 4th July 
1871, they introduced tha following important improvements:— 
1st, passing the mixed gases in a downward direction through 
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the chlorides, by which a more uniform effect is produced ; 2nd, 
employing cast-iron vessels instead of brick chambers; 3rd, 
combining a series of such vessels in a methodical way, and 
arranging'cast-iron gas-flues, so as to forceHhe gas to act in 
such a way that the fresh gaseous mixture always comes into 
contact with Yiearly finished sulphate, and the almost spent 
gases with fresh salt, precisely as in,the methodical lixiviation 
of blacl$-ash. . 

These improvements were of decisive importance. The reason 
why this process works much more completely if the gases travel 
downwards, has been discussed in a long paper by Hurter. 1 * 

The most important of Hargreaves and Robinson’s improve¬ 
ments was, of course, that of systematically utilising the burner- 
gas, so that it leaves the apparatus at least as free from 
sulphurous acid as the gas leaving sulphuric-acid chambers. 

Apart from subsequent improvements in detail the most 
explicit description and drawings of the Hargreaves and 
Robinson process are contained in their patent of October 1872. 
Reference may be made also to the paper of John Morrison, 2 
and to the last edition of this book in which details are given 
which are now omitted as being of historical interest only. 

General 1 'rindpies. 

„ When sulphur dioxide in the prescnccfof an excess of oxygen 
(in the shape of atmospheric air) and of moisture meets with 
sodium chloride at temperatures round 500“, the following 
reaction takes place :— 

2NaCl+SO, + 0 + H .,0 -= Na„S 0 4 + 2HCI. 

That is to say: the sodium chloride is converted into Sodium 
sulphate, and the whole of the hydrogen chlorido is liberated. 
Tin's decomposition, in ardor to t be complete, demands a long 
time and a large excess of the gases and of steam, so that the 
hydrogen chloride, escaping in the gaseous form, is mixed with 
very much SO,,, etc. Rut if these gases are first made to act 
upon salt; already -partially converted into sulphate, and later 
on, when they contain very little SO„, upon quite fresh common 
salt, the SO., in the gases can be almostly completely exhausted, 

1 Dingl. poly I. /., 223, p. 200. 

s Transactions of the Newcastle Chemical Society , 21, 1881. 
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while at the same time the larger portion nf the oxygen and 
steam arc consumed by the reactions described. Thus wc obtain 
at one end of the apparatus sodium sulphate with a little 
unchanged NaCl' and '■ free acid," i.e., ordinary saJtcakc; at 
the other end we find escaping a mixture of HC 1 with a little 
oxygen and steam and with very much nitrogA,«from which by 
the ordinary condensers the HCI can hi washed out practically 
completely, and obtained # as liquid hydrochloric aud. The 
reaction is carried out in a set of cylinders which are'workcd 
in regular rotation, so that each one is alternately first, inter- 
•mediate, or last in th - series. • 

The substances used arc the followingTnc sodium chloride 
is employed partly as pan-salt, partly as rock-salt, but is always 
moulded in such a shape that it remains permeable to the gases, 
and can be transformed into sulphate right through. 1 he source 
of the sulphur dioxide is ordinary pyrites-burner gas; of course 
the gas from sulphur-burners or from roasting blende, etc., 
would serve the same purpose. In all cases these gases contain 
not merely a sufficient quantity of free oxygen for oxidising 
SO,, into SO : „ but such an excess of that gas as is necessary 
for making the oxidation practically complete. Experience has 
shown that the most suitable composition of the gases in the 
present case entirely agrees with that which is most suitable 
for the manufacture of sulphuric acid; they should contain not 
less than 6 per cent, and not more than 8 per cent. SO.; For 
this purpose the unavoidable presence of SO ; , in'the burner-gas 
must be counted an advantage. 

The way of introducing the steam in this process differs 
very much from that employed at vitriol-works. It is not 
introduced at some distance from the pyrites-burners, as is 
the case in‘lead-chambers, but in the burners themselves, ox 
just behind them, introduction baieath the grate-bar* ,of 
the burners was tried but found to interfere with the com¬ 
bustion of the pyrites. It is usual to place the # steam-jets 
within the burner above the layer of burning pyrites. The 
steam is always somewhat superheated. MuSh les6 steam is 
used than in the manufacture of sulphuric acid ; it is regulated 
in such manner that the exit gas contains about 20 grains per 
cut>ic foot (4/' g. per cutjjc metre).* For every 100ft lb. of Na. r S 0 4 
theory requires 127 lb*of steam; poetically 200 lb. is used. 
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Morrison quotes the following average composition of the 
entrance; gases from actual practice:— 

(io to 70 grains SO. per cub. ft. 138 to 161, grins, per cbm. 

2 „* 8 „ SO., „ 4-6 „ 18-4 ., „ 

20 „ 25 „ H .,0 „ - 46 „ 57-5 

. • 

It is most important to work at the proper temperature. 
The reaction commences at 400° C, hut nbt very strongly ; the 
cylindens charged with fresh shit, in Which the last remainder of 
SO„ is to he retained, are kept at that temperature, partly by 
the heat o[ the gases passing through and partly by an external 
fire. At the other end of the series, where the saltcake is 
finished, the temperature must be much higher, in order to 
decompose as completely as possible the bisulphate formed 
by the SO., of the burner-gas ; that means rather above 500’ C. 
for pan-salt, or 540' for rock-salt. There is no harm done if 
the temperature rises even a good deal higher than this, so long 
as the salts do not commence to fuse. Hence 772' ('., as the 
melting-point of NaCl, or even SCo" as that of Na 2 S 0 4 , would 
be the theoretical limit ; but it goes without saying that it is 
imperative to keep considerably below this utmost limit in order 
to avoid accidents 

The reaction of the Hargreaves' process is strongly 
exothermic, so that, theoretically, once the substances are 
brought to the proper temperature, no supply of heat from 
without is required, but, on the contrary, the heat produced 
by the reaction must be carried away. In practice so much 
heat is lost by radiation that external heating is necessary. 

In the ordinary saltcake process, the reaction 

H„S()j + sNaCI -Na,S() 4 + 2HCI 

is endothermic, being accompanied by a heat-absorption of 15-8 
kilo-calories. In the Hargreaves'process there is, on the other 
hand, a marked heat-evolution, since the burner-gases enter 
into the process with their own heat, and the heat of formation 
of sodium .sulphfcte js superadded to this. The heat developed 
here is as follows :— 

(1) 2 FeS, + 11 0 - Fe.,O s + 4SO., 

2 x 23 8 '191+4 x.21.6 heat-units 

47 -<> ' . 477-4 
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That is, for 4SO, 429 8, or for SO, 1074 h.u. 


(2) 2 NaCI + 11,0 + 0 , +SO, 
97.3 + 68+ 71.6 
335-2 

leaving again a surplus of 


Na,S 0 4 + 2HCl 
327.4 + 44 h.u., 
371-4 
36-2 


or together with the former 107-4 givii»g a total of 143-6 h.u. 

As the sodium sulphate formed has a specific molecular heat 

of 36-1, its temperature would theoretically rise to "^^“1 or 

, nearly to 4000° C.: but this calculation ignores the Joss o’f heat 
with the discharged.saltcakc and escaping gases and the great 
loss of heat by radiation. This explains why an addition of heat 
from without is certainly necessary in the beginning, in order 
to reach the temperature where the reaction sets in, but that 
later on, with very good arrangements for preventing loss by 
radiation, not only is there no necessity for further heating 
from without, but it may even become necessary to cool the 
mass artificially, to prevent its fusing. 

A detailed and interesting study on the Hargreaves process 
has been made by W. Stacdel. 1 He does not consider it 
probable that the reaction: 

4 NaCl + 2SO, + O, + 2H..0 - 2Na„SO, + HCl 


(in which 9 molecules arc supposed to act on the left side) 
should take place without intermediate reactions. In the first 
place he studied the influence of temperature and of the concen¬ 
trations on the reaction by allowing a suitable mixture of gases 
to act upon small pieces of rock-salt in a glass tube at as uniform 
a concentration of SO, as possible. The reaction set in at 300° C. 
and increased slowly up to 450°, after this rapidly. Gaseous 
mixtures containing 19 to 26 pc!r quit. SO, by volume were 
employed (such high concentrations of SO, never occur’ in 
practice). In the case of gases containing n to 16 per cent. 
SO,, a stronger reaction did not set in before 560"; at 569° 
90 per cent, had been transformed. Altogether the principal 
point is the concentration of SO,, whjlst those of O, and H 2 0 2 
are not very important. But the concentration of the aqueous 
vapour is of considerable influence. Even if no> oxygen what- 

1 Chrm. Ind ., 1905, 28* 1*73, 198, and 226. 
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ever was present, sensible quantities of HC 1 were formed, which 
leads to ,thc conclusion that some sulphite was formed, which, 
as the analysis of the residue shows, partly changes into sulphate 
and sulphide: 

4 Na,S0 3 = 3Na a S0 4 + Na„S. 

. • 

About 2 vols. IIC 1 are- formed to 1000 vols. SO.,. SO, also 
liberates a corresponding quantity 6 f HC1, corresponding to 
the equilibrium; * 

aNaCl + ILO + SO, Na,S 0 3 + 2HCI. 

• 

Some experiments seemed to show that ir> the presence of an 
excess of oxygen, sulphuric acid is not formed in the first 
instance, and that therefore such a preliminary formation can 
have no fundamental importance in the Hargreaves process. 
Other experiments showed that at the temperatures which 
come into question in this case, sodium sulphite is instantly 
transformed into sulphate. Keppeler’s idea is that primarily 
sulphite is formed, certainly at first only in small quantity 
corresponding to the above-mentioned equilibrium, but that is 
continuously reformed, as the sulphite at once passed over 
into sulphate. Further experiments showed that the mixtures 
of sodium chloride and sulphate, formed in the Hargreaves 
process, begin to soften at 610", independently of their com¬ 
position. It is not advisable to go beyond this point, for 
reasons already mentioned; but on the other hand, the 
temperature should not be too low, since then the speed 
of reaction is too small. It will be best to work between 500° 
and 550 0 —-that is, at a just visibly red heat (525’). 

The conclusion from Staedel's experiments that the formation 
of ^sulphuric acid is not an intermediate stage in *the process 
suggests doubts of the value of a, late patent of J. Hargreaves 
(Fr. 1 ’. 384144, of 1907) according to which the decomposition of 
sodium chlqride by a mixture of sulphur dioxide, steam, and 
air, resulting in the formation of sodium sulphate and hydro¬ 
chloric acid, is accelerated by the addition of certain salts or 
oxides, such as those of copper and iron, which act as catalysts, 
facilitating the conversion of sulphurous into sulphivic acid. 
The catalyst (oxide, hydroxide, or salt, or iron or copper) 
may be mixed with the salt, and the mixture made into 
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briquettes, which are preferably grooved or perforated, or the 
catalyst, in the form of iron or copper chloride,, may be 
volatilised, and the vapour mixed with the gases enjployed. 
The briquettes are stacked in the decomposition chamber in 
columns, the upper portions of which are supported so as to 
prevent crushing near the base. The catalyst'should be very 
intimately mixed with the salt ancl’is, therefore, preferably 
added in the form of a. solutjpn, and its amount may vary 
from about oi to I per cent, according to the desired purity 
of the product. 

R/uv Materials. 

The kind of salt is of great importance, both chemically 
and mechanically. From a mechanical point of view the fine¬ 
grained “ butter-salt,” obtained in the salt-pans at a boiling- heat, 
is the best; the ordinary “ common salt ” is too coarse-grained, 
and gives too loose cakes. Rock-salt, merely crushed, is 
unsuitable, but it is all right when finely ground. With fine¬ 
grained salt, hard cakes are obtained which form but little dust 
in the cylinders, and which are much more regularly and quickly 
transformed into sulphate than coarse-grained salt. The process 
is much more quickly finished with finely ground rock-salt 
than with pan-salt. In the former case sometimes chemical 
reasons are super added to this. The ferric oxide, generally 
occurring in English rock-salt, acts as a carrier of oxygen; a 
recent patent (see below) actually prescribes ’the addition of 
ferric oxide, where this causes no inconvenience in the use 
of the saltcake. It has also been asserted that the calcium 
sulphate and clay, contained in rock-salt, promote the decom¬ 
position ; but this is questionable. 

At all eVents it has been fouryd most suitable to add to.the 
ordinary common salt (pan,.salt) a certain quantity of finely 
ground rock-salt; preferably 70 or 75 of the former with 25 or 
30 of the latter is employed, and this yields saltcake.not exceed¬ 
ing 05 per cent, of NaCl. For the use of glassworks this salt- 
cake contains too much iron; for these saltcake is* made from 
pan-salt alone, and therefore costs rather more; the cylinders in 
this case take a much smaller charge, and yet require a third 
more time for finishing»(r/! belov^). 

Morrison emphatically cautions operators against occasionally 
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charging one or two of the cylinders, which otherwise work with 
the above mixture of pan-salt and rock-salt, with common salt 
alone, or vice vend. 

Practically, the cheapest obtainable common 'salt is employed, 
such as the waste from trimming the salt bricks, dirty salt, etc. 

, • 

Preparing the Salt. 

The proper preparation of the saft is the keystone for the 
success the Hargreaves process. The salt ought to possess a 
sufficient degree of porosity to make it completely permeable to 
gases; and.it ought also to fill the large chambers in such a . 
way that the gases must traverse it quite uniformly. It cannot 
possibly be employed in the state of powder, because then the 
gas would not penetrate through it at all, especially after a 
crust of sulphate had been formed ; it must therefore be formed 
into lumps. These lumps must be sufficiently strong to 
bear the pressure of the superjacent mass, and yet porous 
enough to be penetrated by the gas to their innermost core and 
to be completely converted into saltcake. The solution of this 
problem was only accomplished after several years; and the 
extension of the process was greatly retarded by this difficulty. 
Apart from Hargreaves’ patents, attempts to obtain the salt in 
a suitable form were made by Hunt (li. 1 ’. 2016, of 1874), Brock 
(B. 1 ’. 1502, of 1875), Milburn and Jackson.(B P. 1917, of 1875), 
M'Elougall (B. I’. 3003, of 1S75), Stevenson (B. P. 1723, of 1875), 
and Hawksley ("it. I’. 3789, of 1880). 

Ill the end, the drying process was carried out successfully 
by the employment of the continuous apparatus first proposed 
by Mr Stevenson, but greatly improved by a mechanical con¬ 
trivance patented by Mr Hargreaves. The damp salt is‘con¬ 
tinuously dropped from a hojrper on to a row of metal plates 
connected so as to form as endless chain, which passes through 
an oven of 5 ft. width and 40 to 130 ft. length; the heating is 
done by fire-gases traversing the interior of the oven. Before 
the end of the plate-chain enters the oven, the salt is pressed 
down upon it byTncans of shovels, or mechanically by a roller, 
and thus converted into a fiat cake. At the other end of the 
oven, where the plate chain carrying the dry salt conicsjiut, the 
cake is broken tnto pieces by hand or byjnachinery. 

The heating from above *i.% a most essential advantage of 
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this process. It causes the formation of a hard crust on the top, 
and the adhesion of the salt at the bottom to the plates, formerly 
very troublesome, when the firing was done from belo^, is no 
longer to be feared. 

The Production of Sulphur DioMdc. 

In principle this*is performed just.as in the manufacture of 
sulphuric acid. But for the Ilangrcaves processes the pyrites- 
burners are] constructed with a special regard to fosing as 
little as possible of the heat generated in them. For this 
* purpose they arc always placed in two rows, batk to back 


Fig. 6i. 

and with outer walls 2 ft. thick. The walls consist of common 
bricks, lined with a half-brick thickness of firebricks. This is 
done not merely for cheapness, but because the common bricks 
conduct tlfe heat better than firebricks. Probably Faldjng’s 
hollow walls (B. P. 17602, of 1893) would be very useful, here. 
The iron parts should be as little as possible exposed to the 
action of the hot pyrites, in order to avoid cooling; the 
charging-doors are therefore lined with fireclay, etc. The 
burner arch descends at the back more than in front; in the 
channel formed by the junction of’the two arches the gas- 
flue is arranged. This flue, as well as the arches, is covered 
w'ith ashes at least p- ft. deep 1 , this is rendered possible by 
making the front walls so mach higher. Fig. 61 gives a 
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transverse section of Hargreaves’s pyrites-burners to illustrate 
the above. 

The burners are mostly built in the manner usual on 
the Continent, communicate freely at the top and have only a 
single arch, the divisions between the single burners not 
extending above Ahe charge of pyrites. 

The burners differ from ordinary jjyritej-burners in the fact 
that the steam is introduced iijto the hot burner-gas, cither in 
the gas-s}jacc above the burning pyrites, by means of a steam- 
pipe passing through the arch, or into the large metal pipe 
which carries the gas from the burners to the cylinders. It • 
must be superheated and at the same time eomplctcly dried. 

The composition of the burner-gas (apart from the never- 
absent SO.,) has been given on p. 200. 

Apparatus for decomposing the Salt (Cylinders). 

The salt, prepared in the manner previously described, is 
placed in cast-iron cylinders, where it remains without further 
manipulation till converted into sulphate. The minimum 
number of cylinders is eight; the greater the number, it was 
formerly believed, the more regular is the reaction, and the 
smaller the quantity of fuel required per tpn of sulphate manu¬ 
factured. In fact, as many as twenty cylinders were employed. 
More recently opinions changed on this subject; the large sets 
were cut in two, and sets of eight cylinders, six of which 
were working, and two being discharged and recharged, were 
considered best. The series of cylinders was so arranged 
that each in its turn became the first, intermediate, and last. 
The sulphurous acid was first admitted into the cylinder wjiose 
contents were most nearly converted into sulphate; and the 
spent gases passed out from .that which was last charged with 
salt, after passing through*a succession of cylinders containing 
• less and less sulphate. 

The oldej sets (before the year 18S0) had cylinders of 15 ft. 
diameter, but iS-ft. cylinders were usual. 

The working-< 5 ra\tings of a Hargreaves apparatus as used in 
1890 were supplied through the kindness of Mr John Morrison, 
chemical engineer, of Ncwcastle-on-Tyne, to whom as'well gs 
to Mr John Hargreaves thanks’are due ftjr further information 
thereon. The drawings represent a set of ten 18-ft cylinders. 
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Fig. 62 shows a partial side- 
view of the cylinders, with the 
drying-oven and the preparatory 
apparatus, the latter merely 
sketched on account of the 
small scale. A, steam-engine ; 
B, saltmill with the elevator C; 
D, mixing-box ; E, stamps ; F, 
longitudinal and cross cutters; 
F', drying-oven, with the carrier 
• G ; H, the brickwork surround¬ 
ing the cylinders, ok which only 
the discharging-holes a a arc 
visible. 

Fig. 63 shows a set of ten 
cylinders—each 18 ft. diameter 
and I2| ft. high, and each of 
which furnishes about 55 tons of 
saltcake—in different horizontal 
sections, viz.: at A B, through 
the foundations; at C D, just 
above the bottom, below the 
grates ; at E F, abo.vc the grates; 
at G H, seen from above, with 
the burner-gas pipe, the charging 
holes and gas-pipes being cut 
through. Fig. 64 shows a 
longitudinal section through a 
cylinder. 

The cylinder-shell is built up 
from two sings. The bottom 
consists of four segments, dove¬ 
tailed in a special way ( cf. the 
later patents), which causes it 
to stand very well. Fifteen 
inches over the bottom a grate, 
a, formed by a number of 
perforated plates, is placed. 
The charging and discharging, 
arrangements appear to be the , 
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weakest parts of the design. Three days are required from the 
time when a cylinder has been put out of scries for discharging, to 
the time when it has been recha.ged and is again ready fey work. 

Mechanical discharging apparatus was also tried But was not 
successful, as the saltcake remained behind in the back parts of 
the cylinders. * • 

In the centre of. the cylinders there is a hollow pillar, c, io 
in. wide, which passes through the grate down to the bottom; 



Fig. 64. 


the foundations are made in such ipanner that the foot of c ri^sts 
indirectly on a brick pillar. ,On the Hop, just below the caver, 
c is provided with a flange, serving as a support for the points 
of the sectors composing the cover; pipe c itself continues 
above this and projects 2 ft. above the layer of ashes covering 
the cylinder-top; it is closed by a loose’cap. By means of 
this central pipe c it is possible to examine the temperature 
of the njass at various depths (which is mostly done merely by 
observing the degree ^»f glowing), and also to Introduce cold 
air in case the mass becomes overheated. 
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On the cylinder-cover there is a large number of necks, d d, 
serving Tor charging the cakes of salt into the cylinders. The 
outer »vali projects above these necks, so that the cylinder-tops 
can be kept covered with a thick layer of salt, which in this 
case is preferred as an insulator to ashes, because it prevents 
any dirt gettirfg into the cylinders. 

The burner-gas, coasisting of SO.,, O, H, 0 , and N, is 
conducted through the 3-ft. metal nyiin-pipc/ running between 
the two rows of cylinders and embedded in a deep layer of 
ashes. From this main the branch-pipes start for each cylinder, 
and allow the gas to enter the cylinders through valves. Only 
one of these valves is open at a time, viz., that belonging to 
the cylinder forming the first member of the scries, in which the 
decomposition of the salt is nearly finished. The fresh burner- 
gas thus enters exclusively into this cylinder, from above. At 
the bottom the gas goes away by the lateral pipes h h , cast 
in one piece with the cylinders, and enters into the next cylinder 
from above. The same is the case with all other cylinders; 
only in the last of the series the lateral pipe is closed against 
the next cylinder, and here the exit gas (now containing only 
11(1 in place of S 0 2 ) must make its way through i into the 
hydrochloric-acid flue k. „ 

We thus find in every cylinder on one-side a long pipe, //, 
repelling down below the grate, and on tht diametrically opposed 
side a short pipe, /;', ending just below the top. The" cylinders 
arc placed close together, so that a long pipe, h, is always close 
to a short pipe, h\ and a short connecting-siphon (<-/ below) 
suffices for putting them into communication. Only at the two 
ends of the set a long connecting-pipe must be used. Thus the 
whole system might be converted into a continuous annular 
channel, which, however, is never done. But it is‘also possible 
to interrupt the connection at awy given place, and to connect 
by another siphon the short pipe It! with the burner-gas main f\ 
this makes each cylinder in turn the first of the series, whilst 
at the opposite end of the series the long pipe h is put into 
communication with the hydrochloric-acid flue k. Just in the 
same way each cylinder, or some of them, may be isolated, 
and those before and behind it may be connected with-the pipes 
for SOj and HC 1 . * 

The connecting-pipes employed are shown in Fig. 65. They 
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contain valves a a % which are made tight by means of the 
heavy iron door r, manipulated through the small manhole b, 
plate c resting on an inclined frame, planed and faced *at the 
point of contact with the door. 

The hydrochloric-acid gas is carried awi^y by a pipe, k 
(Fig. 64), placed above. . 

The cylinders must bp heated externally in order to get 
them up to the temperature required for the reaction, and to 
keep them at this during the whole time of decomposition, 
which may amount to four weeks. This was certainly no easy 



Fig. 65. 

task to perform with apparatus of such extraordinarily large 
sectioijal area, and it would be practically impossible if the 
mass was not most efficiently heated from within, firstly by the 
proper heat 5 f the burner-gases pissing through, and secondly 
by means of the heat liberated in the* cylinders themselves by 
the chemical reaction. Calculation shows that of the 143-6 
heat-units liberated in the formation of a gramme-molecule 
of Na 2 SO ( , almost exactly three-fourths, viz., 107-4, are set 
free in the pyrites-kilns, and one-fourth only in the cylinders 
themselves. At first, so much fuel was used (up to twice the 
weight of the saltcake) that the economical success of the 
process seemed doubtful. But later on the quantity of fuel 
was constantly reduced, by preserving as much as ^possible 
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the heat of the burner-gases through continually improving 
the heat-insulation of the burners and gas-pipes and of the 
cylinders themselves. This aim produced very considerable 
alterations in the design of the sets of cylinders and connect- 
ing-pipes, as will be clearly seen by comparing the plans 
contained in this and those in the first edition. By all these 
changes the original consumption of 2 tons of coal for I ton 
of saltcakc was brought dowrnto 2l cwt. In a few places they 
fire merely for heating up, and when the cylinders have attained 
their proper heat the fires are shut down. 

It is, of course, impossible to make the gases from tin? 
burners circulate through all the cylinders! from the top down¬ 
wards, and at last through the condensers, by natural draught. 
The exit gases, viz., hydrochloric acid and the excess of other 
gases, arc drawn from the cylinder by an aspirating apparatus. 
The most suitable one is a Root's blower, made by Messrs 
Thwaitcs of Bradford, modified by replacing the wooden revolv¬ 
ing pistons with iron ones, the temperature being too high for 
the wood to stand without injur)’, apart from the rapid decay 
of the wood which would be produced by the corrosive 
action of the gases. The iron pistons and shell of the blower 
are not injuriously acted upon by the. gases so long as the 
temperature is sufficiently high to retain them in the gaseous 
st?te; and the blower receives no more Marriage than it would 
from drawing jhc same volume of atmospheric air through it. 
This temperature is easily maintained by placing the machine 
under cover and putting a layer of non-conducting composition, 
such as is used for steam-boilers, on the outside shell. 

If the parts of the machine subject to friction were allowed to 
attain the temperature of the gas passing through it, very rapid 
wear would take place; bututhis is provided agairfst by making 
the? shafts revolve in bi'ass bushes fixed in a hollow bracket. 
A current of water is kept flowing slowly through the bracket, 
so as to keep down the temperature of the brasses; but, from 
the position of the inlet and outlet holes in the bracket, this 
water has little cooling effect on the shell. No stuffing-box is 
required, as the very small amount of air leaking through is 
of no practipal importance, and there is no tendency of the 
gases to leak outwards unless great.resistance is placed on 
the exit side of the blower.* 
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Among the later patents relating to the process, reference 
may be made to B. P, 2809 of 1879, Ger. P. 17409 and B P 
5682 of 1886. 

Working of the Hargreaves Apparatus. 

The salt, mixed in proper proportions (p. Aj), moulded into 
cakes and dried, is charged still hot, if possible, into the cylinder 
which happens to be empty, by .means of the openings in the 
top, which is a somewhat slow process (p. 210), as these necks 
themselves greatly impede the traffic on the top of the 
•cylinders. The cylinder in question is then properly closed, 
and is put in series as the last. A cylinder of 18x12 ft., if 
charged with a mixture of 70 common salt and 30 rock-salt, 
furnishes about 57 tons of saltcake; or 48 tons, if charged with 
common salt alone, which produces “ refined saltcake ”; that is, 
in the formci case 53, in the latter 63 cub, ft. of space are required 
for 1 ton of saltcake. The transformation requires in the first 
case three weeks, in the second four weeks. To this must be 
added the time required for discharging and recharging, so that 
the producing capacity per twenty-four hours of a set of ten 
cylinders of the above size ( = 31,000 cub. ft.) may be taken 
equal to 23J tons of cojnmon saltcake (1300 cub. ft. cylinder space 
per ton) or 15A tons of refined saltcake (1980 cub. ft. per ton). 

If fresh burner-gasdirect from the pyrites-kilns were allowed 
to act upon fresh salts, the reaction would be so violent and the 
evolution of heat so great that the salt would be fluxed. This 
is prevented by exposing the fresh salt merely to the last gases 
which contained very little SO,; but here also the temperature 
must be high enough to ensure the reaction being effected— 
that is, above 400°. This soon produces a crust of sulphate 
on the salt, -which becomes gradually thicker in the preceding 
cylinders, so that in the firgt cylinder the cakes are almost 
completely transformed into Na 2 S 0 4 . Here, then, the fresh hot 
burner-gas is introduced, and by its great richness in.SO, carries 
the transformation to completion; and, owing to the presence of 
SO, in the burner-gas, even bisulphate would le formed if the 
prevailing temperature were not above tfic decomposing tempera¬ 
ture of t(je latter. .. r 

• There is a rule thaX the gasA tearing the apparatus should 
always retain a little S 0 2 , say 2 p»r tent, of,the total. If all the 
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S 0 2 is consumed, the oxygen always present in excess must react 
with the JrlCl at the temperature in question, and must yield 
some fr.ee chlorine, which would strongly act upon the cylinders. 

Besides*SO s the exit gases always contain a little SO.,. This 
is no matter of surprise; for under favourable circumstances 
Na. 2 SO, can be Entirely converted into NaCl by HC 1 . 1 This 
SO., is mentioned in Morrison's analysis of. the exit gases. 

On the assumption of a lo^s of 2j)cr cent. S in the exit gas 

. , 142 xo8 x ioq . r 

the yield ought to be--- = 448 parts of 97 per cent. 

, 3 2 x 97 

saltcakc. But this yield is nowhere attained, and this proves that" 
a certain quantity of sulphur is lost in the s‘hapc of bisulphate. 

7 he condensation of hydrochloric acid is, of course, made more 
difficult by the high temperature of the exit gases (which, how¬ 
ever, can be brought down by long strings of tubes), and by the 
dilution of the MCI gas with such a very large quantity of inert 
gases that they contain at most 15 per cent., frequently only 
10 per cent.,of MCI by volume. The Hargreaves gases arc much 
poorer than those from blind roasters, and are more nearly 
comparable to open-roaster gases. But they have this great 
advantage over both of these, that the)' are given off quite 
continuously, nearly always at the same concentration ; and this 
is of such importance for the condensation that there is no 
difficulty in coming down to o-l gr. HO> per cub. ft. (0 23 g. 
per cubic metre) in the exit gases from the condensers. 

The following analyses of Hargreaves saltcakc were supplied 
from a thoroughly trustworthy source:— 

1. From a French works, where rock-salt is used (1883). 


a. b c. 1 


Na 2 SO, 

91*00 

92-00 

93*20 

r NaCl . 

• » °'°5 

0*03 

* trace 

, H..SO, . . . 

g. 0-62 

088 

0-37 

CaSO, . . 

3 -?>‘ 

3 - 4 ° 

2-99 

Mg SO, . . 

041 

1-42 

1-43 

AlgOf ■ 

0*17 

0*14 

o-iS 

Fe..O s . . . 

037 

0-16 

0-25 

Insoluble in HC 1 . 

0-91 

1-08 

119 

H s O 

2*10 

0-75 

0-30 


99-84 

99-86 

99.91 



. " - 

— 


1 Hensgen, Der ., 1876, p. 1671, 
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2. From a Widnes works, where common salt is used (1890). 



Ordinary 



decomposing 

Hargrci 


furnace. 


Na.,S 0 4 

• 97-3 

98*2 

so, . . 

1-3 

# o*6 

NaCl . , . 

0-4 

0*2 


(n is given for comparison with 6 .) 


The following cost accoutit is given by Morrison ; but he 
says that it referred to the most favourable condition* then 
obtaining (in 1881).^ He states the consumption of coal per 
ton of saltcake: 


1'or drying the salt . . I cwt. 

„ heating the cylinders . 3 „ 

,, steam . . . 1 to 1 „ 

Total . 4! to 5 „ 


Lomas' states that in 1880 Hargreaves saltcake cost 32s., 
that made from salt and sulphuric acid 36s. per ton. 

Saltcake Processes similar to the Hargreaves Process. 

A patent of PJutchinson’s (dated 1st January 1876) pro¬ 
posed the production »of alkaline sulphates from their chlorides, 
by a process similar to Hargreaves and Rpbinson’s, tiut 
dropping the chlorides as a spray into a splice filled with 
the highly healed vapours. This was probably never tried 
practically. 

Another variation of Hargreaves's process was patented by 
Storr’ Best & Morris, on 10th April 1877. The gas of the 
pyrites-burners is to be admitted^ into the lower portion of a 
coke-tower, in which a solution of potassium or sodium chloride 
runs down ; at the bottom a solution of sodium sulphate flows 
out; at the top hydrochloric-acid gas leaves the tower. Similarly 
Pohl (B. P. 5031, of 1879) passes S 0 2 and hot air info a solution 
of NaCl, in order to produce Na,S 0 4 . This modification of the 
direct process would not work in pfiactice, as the reaction is 
quite incomplete without an oxygen carrier [cf. below). 

• 'Pedder (B. P. 47l2*of 1891) proposed as an improvement of 

1 Manual of the Alkhli Trade, p. 155. 
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the Hargreaves process to mix hydrogen chloride vapour with 
the steam, so as to promote the action of the salt in the cylinders. 
Furthej, in order to keep the salt more porous, a little sulphate 
was to be ifiixed with it from the first, in the solid or liquid form, 
so that each lump of salt contains on its surface a certain 
quantity of sodiuTn sulphate. 

The Chemische Fabrik Rhenania (Ger. I’. 73611) renders 
the salt-blocks more porous ^nd more easily decomposable by 
mixing with the salt combustible matter, such as coal-dust, peat, 
straw, or sawdust. 

The Sotiete Daguin & Cie (Gcr. P. 47990) proposes increas-* 
ing the energy of the reaction between SO* 0 , H.. 0 , and NaCl, 
and lowering the temperature required for it, by adding an 
oxygen carrier in the shape of the chlorides or sulphates of iron, 
manganese, copper, or tin [cf the older patent of Hargreaves, 
Robinson & Hargreaves, p. 198, and that of J. Hargreaves, 
below]. If MnO, is employed, free Cl is obtained. It is possible 
to work with aqueous solution, eg., a solution of 250 kg. common 
salt, mixed with the equivalent quantity (370 kg.) of MnCI* to 
be treated at a boiling heat with 10 per cent. SO,, gas [which is 
never obtained by burning pyrites!] and air. "The reaction 
may be represented as taking place in twp stages, MnCI, being 
re-formed in the second : , 

• 1. zNaCl + MnCI, + SO., + 0 + 11,0 = MnS0 4 + 2 N. 1 CI + 2 HCI. 

2. MnSO/itiNaCI + 21 1C1 - Na’,SO ( + MnCl, + 2 HCI. 

[Supposing these reactions to occur, it seems hardly possible 
to separate the sodium sulphate in the anhydrous state without 
losing much of the manganous salt, which also acts as an 
impurity in the sulphate.] 

, Bassett and Baranoff (li P. 21447, of 1894)'produce the 
S 0 2 -intended for decomposing thp NaCl as followsCalcium 
sulphate (natural or artificial) is mixed with carbon and heated 
in a retortthe CO, given off is utilised later on. The calcium 
sulphide formed is moistened with water, and is then subjected, 
in an apparatus similar to that used for making bleaching- 
powder, to the CO, from the first reaction. The H 2 S evolved 
is burned to SO a and utilised for decomposing Nad. The 
residual calcium carbonate is roasted for'the liberation of the 
COj it contains. 
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Reiss (Ger. P. appl. R15277) adds to the sodium chloride 
intended for the Hargreaves process a sufficient quantity of 
sodium sulphate to prevent a duxing of the mass during the 
process ( cf. Pedder’s B. P. of 1891). . 

A. Clemm (Ger. P. 115250) aims at the same object 
by the addition to the common salt of 5 t* 10 per cent, of 
clay, gypsum, etc. , The saltcake thus obtained can be used 
directly for glass-making, etc., # or else refined by dissolving 
(Chapter VI.). , 

J. Hargreaves (Fr. P. 384144. of 1907) promotes the reaction 
«J>y the catalytic action of copper or iron salts, mixed with the 
common salt bcfore»moulding. Of these substances from »i 
to 10 per cent, is used, according to the degree of purity 
required. The action of ferric oxide, and even more so of 
cupric oxide, as oxygen carriers in the Hargreaves process has 
been also pointed out by Krutwig and Dernoncourt. 1 The best 
yields were obtained at a temperature of 500' C. (cf the patents 
of Hargreaves, Robinson & Hargreaves, p. 198, and of Daguin, 
p. 217). 

According to L. P. Basset (Fr. P. 477353, of 1914), sulphur 
dioxide may be caused to react with sodium chloride when 
the latter salt is in tj^c state of vapour, or in the finely divided 
state produced by. condensation of the vapour. The sulphur 
dioxide may be mixwd with an excess of dry air, in which case 
sodium sulphate and chlorine will be produced, qr an excels of 
air and steam may be employed, in which case sodium sulphate 
and hydrogen chloride will be obtained. The sodium chloride 
is volatilised in a furnace surmounted by a dome, or connected 
with a chamber, in which the reaction between the volatilised 
chlonde and the sulphur dioxide can occur; or the sodium 
chloride ma y be volatilised in the f furnace in which the sulphur 
dioxide is produced. The process way also be combined,with 
the manufacture of cement from calcium sulphate, clay, and 
carbon, sodium chloride being mixed with the cement raw 
materials, and a blast of air introduced into the’rotary kiln 
about half way along its length. The SalJwerl* Heilbronn 
A.-G., and P. Brandenburg HeilbromV(Ger. P. 295074, of 1915) 
propose, to spray fused alkali chloride by means of sulphuric 
ittfd, or a mixture ofvsulphuric acid with air or ’steam, or with 
1 Rev. trans. chirn. Pays-Bas, xvi., 173 ; xvii., 349. 
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sulphur dioxide and steam. Decomposition occurs with the 
liberation, of hydrochloric acid, and alkali sulphate is pre¬ 
cipitated as a fine powder. 


Statistics relating to Saltcake. 

\ 

The following statistics (R. C. Wells, Mineral Resources of 
the U.S.) show how the production tff saltcake in the United 
States is declining:— t 

1017 1818 1919 

. Short tons. Short tons. Short tons. 


Saltcake *. 
Glauber's salt 
Nitre-cake 


183,909 141,054 134,685 

47,757 > 0,70 42 ,oS 7 

387,821 143,155 83,402 


Applications of Sodium Sulphate. 

At one time most of the sulphate of soda manufactured 
was consumed as an intermediate product in alkali-making. 
Nowadays, little if any is used for this purpose. 

The glass-making industry now consumes far more sodium 
sulphate than was formerly used for the Leblanc process. The 
purer article is used for plate-glass and white bottles, the crude 
article for sheet glass and green bottles Other applications 
are: for making ultramarine; for Glauber's stilt; for impregnat¬ 
ing ,sceds as a protection against rust 1 ;'for decomposing the 
calcium chloridp in the mother-liquors of saltpetre works; for 
decomposing calcium acetate in making sodium acetate; for 
manufacturing the hypochlorite, thiosulphate, and several other 
salts of sodium from the corresponding calcium salts. Eitner 2 
states that calcined sodium sulphate is very good for preserving 
green hides. 

.The crystallised salt is employed in medicine, especially for 
veterinary purposes, and Sn chemical laboratories for freezing 
* mixtures. It finds application also in the dyeing industry. 

1 Wagner’s /ah resber., 1856, p. 189. '- Ibid., 1880, p. S05. 
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MANUFACTURE OF PUKE SODIUM SULPHATE AND 

glauhek's salt 

By far the greatest quantity of sodium sulphate is used in an 
impure state as the anhydrous salt. The usual standard 
required of the commercial anhydrous salt is that it shall 
contain 95 per cent, of sodium sulphate, and in many cases 
there is no stipulation as to the nature of the remaining 5 per 
cent. Very often it is required that the iron content be low, 
eg ;, for the manufacture of plate-glass. It is often possible to 
attain a sufficient degree of purity by careful choice of raw 
materials and by using lead pans for the decomposition, but 
when the sodium sulphate cannot be obtained sufficiently pure 
in this way, it must be purified. When pure sodium sulphate 
or Glauber’s salt is* to be made from the impure saltcake, this 
purification is always performed by dissolving, precipitating 
the impurities, separating the liquor from the pfccipitate, and 
obtaining the desired product from this solution. The details 
of the process vary considerably according- to the scale on 
which it is carried out and on the degree of purity desired. A 
pure .product is necessary for the manufacture of plate-glass, 
for paper pulp works, and for pharmaceutical purposes. If it 
is to be used for pharmaceutics! purposes it is particularly 
important to obtain a product free ‘from arsenic. For plarte- 
glass and paper making it is important to remove iron as 
completely as possible, since even traces of iron impart colour 
to the finished article. Crude saltcake usually contains o-1 to 
0-3 per cent, of iron, but sometimes mijre. By refining, this can 
be reduced as low as 0-006 per cent. The French plate-glass 
manufacturers require a guarantee that the amqunt of iron in 
the saltcake does. no?Texceed 0 01^ per cent. Fe and, for such 
purposes, saltcake is sometimes pVrified on a large scale. 
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Manufacture of Pure Anhydrous Sodium Sulphate. 

The Older method for the manufacture of pure anhydrous 
sodiunf sulphate was to prepare pure Glauber’s salt which was 
then dehydrated. The preparation of pure Glauber’s salt, which 
is the first stage jp this process, is described later in this chapter. 
From the pure Glauber’s salt, the anhydrous salt is prepared by 
drying. Glauber’s salt loses water vary readily by efflorescence 
in a warm dry atmosphere, ,\nd on a small scale it is often 
prepared by heating on a,hot steam’plate. This method is, how¬ 
ever, ‘not suitable for large scale manufacture. Glauber’s salt 
contains, as water of crystallisation, nearly ^53 per cent, of water, 
and the desiccation of this, if attempted on a large scale, would 
be a difficult problem. There is, however, no need to isolate 
the Glauber’s salt, since a solution of sodium sulphate deposits 
the anhydrous salt if evaporated at any temperature above 
32-4'’. The plant used varies considerably, mainly according 
to the degree of purity required in the finished product, but the 
process is practically the same in all cases. The crude saltcake 
is dissolved at a temperature of about 35°, as the maximum 
solubility of the salt is a little below this temperature. Small 
quantities of lime and bleaching powder are added and the 
mixture well stirred. When all the precipitate has settled, the 
clear liquor is drawn off and evaporated. As the evapora¬ 
tion proceeds, the crystals of anhydrous salt arc raked out and 
drained. The * 4 ast of the water is expelled by heating these 
crystals. 

Where it is not necessary to obtain a product of the highest 
purity, the plant and procedure described by Jaeckel 1 may be 
used. Water is heated by steam in iron tanks each about 
4! by 4 by 3 ft. and the saltcake placed in sieves suspended in 
the*se tanks. To each tjnlc* containing about 8 cwt. of salt- 
cal<c in solution, about 28 lb. of lirftc is added as a thick sludge, 
and the mixture thoroughly stirred. (It is usual to add also 
at this stagf? a few pounds of bleaching powder.) After standing 
for four hoyrs, the clear liquor is drawn off from the brown 
mud by means of lead siphons. The mud is washed with hot 
water and the washings used to dissolve the next batch of 
saltcake. The liquor is boilecj down in ,pans 8 ft. long, 5' 5 . 

1 Dingl. fofyt. /., 161 , 189. • 
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wide, and it ft? deep. The sludge of small crystals formed as 
the evaporation proceeds is raked out and drained.. This is 
then dried in reverberatory furnaces where it cakes injo hard 
lumps which are ground to powder in a mill. The evaporation 
and final drying are sometimes combined by evaporating in 
shallow pans, heated from above by f,he dirfet heat from the 
flame gases. The orystals are raked on to a shelf at the side 
of the pan where the fin^l drying occurs. 

With plant such as is described above, it is inevitable that 
some iron scale and flue dust will get into the final product, 
%nd unless great care is exercised the product may*bc far from 
pure. When a verj^ pure product is desired, the saltcake is 
dissolved in lead-lined wooden vats, heated by open steam. 
The amount of lime and bleaching - powder necessary to 
precipitate completely all iron and other impurities is readily 
found by experiment If the solution is left slightly acid, the 
colour is better but the salt more readily takes up iron during 
the drying, and the final product is likely to be worse than if 
sufficient lime is added to make the solution faintly alkaline. 

It is not easy to remove the last of the water from the 
purified sodium sulphate without introducing ash or iron. It 
has been proposed to centrifuge the crystals as they arc removed, 
and thus reduce the amount of drying. The usual process is to 
dry in a gas-fired reverberatory furnace of simple construction. 
Provided care is taken to use clean gas, an entirely satisfactory 
product is obtained. 

Hermann (B. P. 13983, of 1887) 1 describes the process out¬ 
lined above, evaporates in pans with mechanical agitation, and 
centrifuges the moist sulphate. The pan is so arranged that 
the smoke and flue gases cannot come in contact with the 
liquor. * - 

Pechiney’s process for the preparation of anhydrous sodium 
sulphate has already been described (p. 193). This process is 
said to yield a product containing chloride. 

Pure Crystallised Glauber's Sale. 

The preparation of pure crystalline Glauber’s salt is con- 
oiflerably easier thnjj, the preparation of the 'anhydrous salt 

1 The apparatus is also described ftt J. Soc. Chem. Ind., 1888, p. 674. 
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The crude saltcake is dissolved in water, heated by open steam, 
in lead-lined wooden vats. The amount of saltcake dissolved 
should J)e sufficient to yield a solution with a density of 1-14 to 
I I5 at 30°.' The flocculcnt brown precipitate produced by the 
addition of lime and bleaching-powdcr is allowed to settle and 
the clear liquor %rawn off by means of lead siphons. It is 
advisable to have a small lead steam pipe inside the lead siphon 
in order to clear it quickly should .the salt crystallise in the 
siphon. The sludge is washed and the washings used to 
dissolve the next batch of saltcake. The clear liquor is then 
allowed to Crystallise by cooling in flat lead-lined tanks. Thff 
area and depth of these must be deterntined largely by the 
size of the crystals required and the mean temperature of 
the atmosphere. No Glauber’s salt will separate unless the 
temperature is below 30", and as heat is liberated in the 
crystallisation the crystals separate very slowly in warm 
weather. If the solution is left faintly acid, the crystals are 
colourless even if a trace of iron be present, but the acidity 
must be kept very low or traces of lead will be found in the 
product. Iron vessels are sometimes used for the crystallisation 
but are not recommended as the product is often contaminated 
with iron, particularly if the solution is acid. It is usual to 
place a considerable number of wooden strips in the vessel, as 
otherwise the crystals build up into solid* masses on the walls 
of tfie vessel. ■ 

At one time considerable attention was directed to the 
conditions for obtaining Glauber’s salt in such crystalline forms 
that it could be used for adulterating other salts. The three 
forms in which it could be obtained were known as “ piock 
Epsom salts," “ imitation soda," and “ needle crystals.” The 
“soda” crystals are readily obtained by the slow Undisturbed 
cooling of a large volume of liquid in a deep vessel. The 
crystals obtained in this way resemble washing-soda crystals. 
In order t<j obtain crystals which could be sold as ‘‘best 
Scotch soda,” 12 parts of soda-ash was added to 100 parts 
of salt-cake* and gave crystals closely resembling washing 
soda, 1 

If the crystallisation is disturbed, small needles are obtained. 
When these are required, the fiquid is kt^rt slowly moving by 
1 Chcm. t'fews, 16 , 227. 
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a stirrer, and t|ie salt is obtained as needles which resemble 
Epsom salts and have been used for its adulteration. 

If the needle crystals " are required, the crystallisation is 
conducted in shallow pans containing only about i4 in* depth 
of liquid (about 114 density at 30°). Cooling must be rapid, 
and there must be no disturbance of the liquor«uring crystallisa¬ 
tion. These crystals are made only for pharmaceutical purposes 
as they arc more expensive to prgpare than the other forms. 

In order to reduce the yost of the plant, iron vessels are 
often used as crystallisers, but these, before use and every time 
ijiey stand empty, must be scoured bright with a bfick or with 
pumice; and in spitu»of this, rust spots upon the crystals adher¬ 
ing to the sides cannot usually be avoided. The rusting can be 
prevented by painting the well-scoured and dried surface with 
a double coat of iron minium (ferric oxide and clay) and boiled 
linseed oil, adding some drying-preparation. The paint must 
be renewed from time to time. 

I he following process is employed at Stassfurt for making 
pure Glauber’s salt:—The mother-liquor adhering to the crude 
salt is removed by washing with cold water. The salt is then 
rccrystallised and is obtained in the three following shapes:— 

(1) In fine nccdlbs, formerly used for adulterating Epsom 

salts. * . 

(2) Evenly formed thicker needles or prisms for pharma¬ 

ceutical purposes. ’ 

(3) Short, thick prisms, formerly used for adulterating soda 

crystals. 

Tfr c third form represents the main bulk of the crystals. 

The crude .salt is dissolved in mother-liquor (which can be 
used a lonjf time without being, renewed), with addition of 
water and steam, until the f^jecific gravity, tested at 40°^., is 
1-255. The liquor is allowed to settle for an hour and is then 
run into wooden or lead-cased iron coolers, which must be at 
least 2 ft. deep, to form larger (I-in.) crystals. The crystallisa¬ 
tion is promoted by suspending smooth wooden laths or strips 
of lead in the coolers; this is better than strings weighted with 
pieces oUead, from which the crystals easily detach themselves, 
aiTd by agitating the ifcfuor cause*the formation of fine needles. 
In wooden vessels’, the crystallisation lasts in winter five to ten 
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days, in summer ten to twenty days. After /running off the 
mother-liquor, the crystals are detached with wooden slices and 
are thrown by means of wooden shovels on to the drainers, 
where they arc washed with water. If the crystals are to retain 
their brilliancy they must be dried below 35°. This may be 
done on shelves placed on a flue, and covered with metal plates, 
or the proper temperature may be obtained, by the assistance of 
steam-pipes. The cost of reprystalhsing in the form of large 
hard crystals and drying is from, 15s. to 20s. per ton. For 
making 1000 kg., one requires in summer 1150, in winter 1080 
kg. of crude salt. The packing in casks, lined with blue papa#) 
costs 20s. per ton. (Pre-war costs.) ‘ 

P'or making salt in smaller crystals, the solution is saturated 
at 34" C. (1 part Glauber’s salt to 3 of water), settled with 
addition of a little milk-of-lime, and cooled. If the crystals 
arc to be quite fine, the liquor is now and then stirred up. 

Glauber’s salt entirely free from iron is made from crude 
salt, according to Schmalz and Loxvig (Ger. P. 23378), by 
treating it with concentrated hydrochloric acid. The temperature 
is greatly lowered and about half the sodium is precipitated as 
NaCl, the other half remaining in solution as NaIlS 0 4 . This 
solution is added to a boiling solution pf kiescrite, saturated 
with NaCl, and is filtered hot over ground nock-salt. Glauber’s 
salt, free from iron, crystallises out on (tooling, and other salts, 
together with JS'aCl and MgS 0 4 , remain in the solution, which 
is employed for making up the kieserite solution. This process, 
in which a large quantity of hydrochloric acid is lost, is evidently 
much too dear. 

Loxvig & Co. (Ger. P. 25777), propose to remove the iron by 
electrical deposition, using the lead lining of the crystalliser 
a&one electrode and a sheettof copper or iron as tlfe other. 
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, I HI.OKINK 

Join a century the main source of chlorine has been hycjfo- 
chloric acid, but recently the tables have been turned. The 
constantly increasing production of electrolytic chlorine has 
led to an over-production of this material, and it is now very 
largely used for the manufacture of hydrochloric acid. The 
methods used fall into four main groups:— 

(1) Direct combination of the chlorine with hydrogen. 

(2) Interaction with steam in presence of a catalyst. 

(3) Interaction of chlorine, water, and carbon, 

(4) Interaction with an organic material containing 

hydrogen 1 

(5) Simultaneous production of hydfochloric and sulphuric 

acids from chlorine, steam, and sulphur dioxide. 

Of these, the first is that most generally employed at present. 
It presents few difficulties, gives a pure acid, and provides a 
use for the electrolytic hydrogen which is usually available 
in the factor}' where the chlorine is produced. Electrolytic 
hydrog-n is. however, of considerable potential value, and it 
seems highly probable that it would be used for some other 
more remunerative purpose-ihan the production of hydrochloric 
acid if chlorine could be made into hydrochloric acid by some 
, other oheap process. The main attraction of the fourth group of 
processes lies in the value of the organic by-produefs obtain'd 
in nuest of thgsc processes. 

„ (0 Hydrochloric Acid froth Chlorine and Hydrogen. 

Hydrogen and chlorine do not combine at> atmospheric 
pressure in the dark, hi diffused daylight, gradual combination 
takes place, whilst in a .bright light combination occurs with 
in 
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explosive violence. It has been found 1 that the presence of 
moisture is necessary for combination to occur, and that there 
is a definite time interval before combination is rapid. There 
is considerable evidence* that an intermediate compound, 
probably of chlorine and water, is formed. •, 

Experiments on tlm influcn«e of temperature on the com¬ 
bination of hydrogen and chlorine have givpn n-cry discordant 
,Jesuits, apparently because of the 'stfrface effect of the contain¬ 
ing vessel. The mixture lias been heat ml to 440" without 
explosion, but under cfifiTerent conditions has exploded 
at 150". • 

• An invcstigiltkft^ of purely scientific character on the slow 
combination of cldorinc and hydrogen at higher tempera¬ 
tures, which showed very complicated conditions, has been made 
by Sirck.-' 

, Hydrogen may be burned in an atmosphere of chlorine, or 
chlorine in hydrogen. The combination is strongly exothermic : 

„ H, Cl - 22,000 cals. + o.y /. 

• 

Naturally precautions are necessary to prevent mixing of 
the gases prior to starting the regular burning. As it has 
long been Jcnouwi that chlorine can, with proper precautions, 
be burnt in hydrogtfn or vice versa , recent work and patents 
are directed mafnly to defining conditions or suggesting 
catalysts which ensufe that the combustion proceeds "•ifh- 
out detonation. 

H. and W. Pataky (Ger. P. 114219, of 1900) pass a mixture 
of chlorine and hydrogen containing rather mt>re of the latter 
than is required to form HC 1 , into an apparatus containing 
coarsely ground wood-charcoal, heated in a water-bath. The 
gases combine to form HClby the^urface action of the charcoal, 
which absorbs the gaseous HC 1 btiore detonation can take 
place. When the maximum of HCi has been fixed ,b\ thg 
cjjfltjioal, the HCI further formed drives out that which has been 
previously absorbed in the charcoal. t 

1 Draper, Phil. Mag., 1845 [i*i j, 27, 327, and previous jlapeis; f. V. 
Bevan, Phil. Trans., 1903, A, 208 , 71; Burden and KSscoe, Phil. Trans., 
1857, 1 * 7 , 3f;, 3S1, 601 ; Pringsheim, Wild. Annalen, 1887, 88, 421 ; 
H. B. Baker, Trans. Chirr. Hoc., 1694, 88,.. 

’ Z. phjssii. Chin., 81 , 545 ; Chem, Clair., 1908,1, <520. 
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Hoppe (Ger. P, 166598, fif 1905) causes a mixture of chlorine 
and hydrogen to aqt upon metallic chlorides, decomposable at 
high temperatures by means of water. * 

In a Liter patent, Hoppe (Fr. P. 418731, of 1910) is 
more specific, and describes a process depending on the alter¬ 
nate hydrolysis of stannous chloride and re-fotm*tion of the 
normal salt In practice the stannous chloride is to be used 
as a catalyst for the reactidh'betwecn oSilorine and water. _ r 
J. L Roberts (Ger. P. 194947) [lasses molecular (or nearly 
molecular) quantities of chlorine and hydrogen by separate pipes 
into a mixing chamber, yvhere thej’ combine m once with pro¬ 
duction of<i flame. That chamber may hay 4 tlte shape of a ■>/, 
the gases entering through the two branches. If the gases 
issuing in the beginning from the third limb are ignited, the 
flame goes back to the point where the gases meet, and here 
quietly burns on, with formation of a continuous stream of HC.l. 
T'bo combination is perfect, and furnishes at once pure hydro¬ 
chloric acid. 

Soc. Italiana di Electrochimica (Eng. P. 24024, of 1914) 
manufacture hydrochloric acid by burning hydrogen in chlorine, 
or vice versa. The cylindrical combustion chamber has a 
dome-shaped roof through the centre of whio’t parses a pipe 
leading to an aspirator, and a number of \>bservation-windows 
made of transparent quartz. Hydrogen admitted through a 
pipe* m the middle of the base passes info a central box, from 
the top ot which it issues through eight burner nozzles arranged 
in a circle. Surrounding this is another box fitted with seven 
nozzles which supply the chlorine, the inlet tube for which 
pksses into the chamber through a pipe in the side-wall near 
the base. The hydrogen is first ignited in the air initially in 
the chamber, the gaseous products arc drawn off, and then the 
chlorine is admitted.' The supply of both gases can be 
regulated, there is no risk of explosion, and if the temperature 
gets too high the chlorine may lie diluted with air qr with »*** 
inert gjf. * 

Gibbs (y.S. P. 779998 . of 1905) proposes to make hydro¬ 
chloric acid by -combination of hydrogen and chlorine using 
an excess of hy drogen. 

F.ngelstad (JJ.S. P. 1.21910, of 1914) also uses an excess 
of hydrogen, but - adds alsq a little air in order that the com- 
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bination of hydrogen with oxygefi may maintain the main 
reaction. The excess of hydrogen sesves to reduce the 
temperature*of the combustion chamber. 

Garner and Clayjon (U S. I’. 1220411, of 1917) heat a 
mixture of moist hydrogen and chlorine, in the* volumetric 
ratio of about' 50: 35, .to a temperature not balow 340” U. in 
the presence of wood .Charcoal, ,and the hyflrogc chloride 
produced is absorbed itr water. * 

• 

(2) Hydrochloric Add from Chlorine and Steam. 

• It is well k/lowli that chlorine interacts with w;ftcr to give 
hyphochlorous acid, which decomposes, yielding hydrochloric 
acid and oxygen : 

CI,tH„Os* HC! t HOCI. 

2HOCI 2IICI + 0,. 

These reactions proceed slowly under all conditions, but the 
• formation of hydrochloric acid in a chlorine solution is readily 
observed, particularly if the solution is exposed to sunlight. 
A catalyst which will cause the formation of hydrochloric acid 
from chlorine jyad water to proceed at a fast rate would be 
of great vafue. So far no satisfactory catalyst has been found, 
though several patents have been taken out in which carbon 
is described as a catalyst for the reaction. It is probable, 
however, that in all cases the carbon is used up in the 
process, though its function may be partly that of a catalyst. 

« 

(3) Hydrochloric Acid from Water, Chlorine, tyid Carbon. * 

The nature of the reaction between chlorine, carbon, and 
water probably varies with the conditions, but under most 
conditions the reaction proceeds according to the equjtion— 
aCl^ + ^HjO-fC — 4hfU!+CO i . 

No oxygen is liberated,*the whole o£ k combining v<fih the 
carbon. • , 

The earlier workers in this sphere all worked at high 
temperatures, # under conditions^ which gave carbon monoxide 
as the oxidation product of the cartxJh. 

Loren* (B. P. 25073, of 18^4), proposes making hydro- 
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chloric acid from free chTorinc obtained electrolytically or 
otherwise by passing the chlorine simultaneously .with steam 
through earthenware retorts, charged with cote, charcoal, 
anthracite,-or the like, and heated to a dark red heat. The 
reaction 201 + 11*0 +C = 2HCI + @0 is stated to take place 
easily and quantitatively.; the VO can be employcd*for heating 

the retorts. * • 

• • • • 

A. Naumann 1 contraflicts theso statements made by, 
Lorenz. • • 

On, the other hand, Nagel 2 states that hydrochloric acid is 
foyned if a mixture of .steam ancf ohlorinc passed through 
a column dT glowing coke which is maintained af about looo°£. * 
by substituting a blast of air for the mixed* gases at regular 
intervals. 1 he reaction takes place in accordance with the 
equation Cl.,+ 11,0 + C —2HCI + CO, and fairly pure carbon 
monoxide is obtained as a by-product. 

• I eter (U.S. P. 1229509, of 1917) gives different conditions 
or the same reaction, lie claims that hydrochloric acid is 
rroduced by adding to chlorine sufficient water vapoqr to " 
orm a mixture showing practically no green colour against 
1 white background (approximately 3 parts of chlorine to 7 
Jnrts of water vapour), and leading the mixture igrer carbon 
it a temperature between too' C. and red heat. 

H. U. Gibbs- 1 has investigated the interaction between 
hi'>rinc, water, and charcoal, and finds (hat the reaction 

2CI-+ 2ILO + C = 4HCI + CO, 

jrocccds over ;f very wide range of temperature above 80°, 
itcferably between 80 and 200 , and that large quantities of 
.hlorine can oe handled in a comparatively small apparatus. 

The best procedure is to blow the steam and chlorine 
hrough a large bdl of charcoal used for absorbing gases, 
jmall quantities of air may be «dmittcd at the same time 
o assist in sweeping out the products of the reaction. „The, 
eactioa, is highly exothermic. , * 

Gibbs gives curves showing, the velocity of the reaction 
it Q , 12°, 25°, and 37-5*, other* conditions being constant 
n all cases the production of hydrochloric acid slowly increases 

1 7 . angm. Ci/m., 1897, p. 197 . * CAem. 7 tiL, 1912, as, 54. 

5 Joum. Must, ami Eng. Qhtm , 1920, IS, 538. 
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and then falls off to a point where it’remain- practically constant. 
The reaction proceeds much faster at the Jtighcr tcmpcratuics. 
Excess of ‘water wa; found to be advantageous. Great 
differences wer" found between the reactivities* of various 
charcoals. * ' • 

There lire'several .patents Covering various conditions for 
carrying out this procqjSs. 1 . , , * 

* It seems probable that there Is a future for this process 
as it is probable that more remunerative apses will be found for 
hydrogen than burning it with chlorine, and there is np doubt 
that hydrochlotlc arid fan f>e made satisfactorily and cconojni- 
c*lly from chlorine,^carbon, and water. * 


(4) Ilydmchloric Acid by Action of Chlorine on an 
Organic Compound. 

• 

It would appear that the commercial success of processes 
for the manufacture ‘of hydrochloric atid by the action of 
chlqrine on organic compounds containing hydrogen is 
dependent on the value of the by-products obtained. 

The Bosnischc Klektrizitats A.-G. (Ger. 1 ’. 158086, of 1905) 
passes chlorine* into retorts, filled with wood and heated to 
150" to 300" C. Besides hydrochloric acid, charcoal, tar, acetic 
acid, and alcohol are recovered. From too parts of wood and 15 
chlorine, 32 parts hydrochloric acid of 33 per cent, and 30 parts 
charcoal are obtained. 

Aylesworth (US. P. 914223) passes chlorine through fused 
naphthalene or other hydrocarbons, thus prdducing hydrogen 
chloride and chlorinated naphthalene which ma>’ be utilised for 
impregnating timber. 

According to the Consolidiertf Alkaliwcrke (Ger. P. 3* 3 ^ 75 * 
of 1918), chlorine acts on lignit^ without external heating to 
give hydrochloric acid and*chlorinated compounds which ir$y 
»sue *-ctr^fted. 

For other patents involving the u»c of organic .materials 
in the production of hydrochloric acid, see Lasher, Assignor 
to the Kansas City Refining Co. (y.S. Ps. 1337141 ; 13q$2o6; 
»335743 ;*n.d ' 3395 ' 9 — ad of ' 92 °)- 
. 1 Lorenz, Eng. P. 250-3, of 1894; Peter, U.S. P.’ 1229509. of 19171 

Gibbs (/«. cit.) states he has U.S. P. pending 

• • 
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(5) Simultaneous Production of Hydrochloric and Sulphuric 

Acids from chlorine, Steam, and Sulphur Ditxide. 

• • 

Masson “(Fr- I’. 324859, of 1903) obtains hydrochloric acid, 
together with sulphuric acid, by allowing chlorine and steam tq, 
act on sulphur dioxide in-a heattd space.. 

The same proocss has • been • patented in Britain by 
Askenasy and Mugdan (B. 1 ’. 14342,0^1903), and in Germany ' 
by the Consortium*fur clektrochemjschc Industrie (Ger. Ps. 
I570)3<md 157044) The last-namyd firm allows a mixture of 
chlorine and SO, to meet with water, or?hetter^hydrochloric acid, 
flowing down in a reaction-tower; at the bottom sulphuric acf0 
of 65 to So per cent runs out and at the top gaseous HC 1 escapes. 

It is stated that this process has given satisfactory results 
in practice, and that it c.111 compete successfully with acids 
made in the ordinary way According to an investigation by 
Coppadoro, 1 in working the process the temperature in the 
apparatus should exceed 70' if 70 per cent, sulphuric acid is to 
be obtained. Considerable heal is developed in the reaction :— 

S< >,(gas) + CC(gus) + Aq. - 11 ,S(>,, Aq. + 2HCI, Aq. + 816 calories. 

The reaction requires considerable time and*there is some 
difficulty in freeing the sulphuric acid from HC 1 . The process 
is said to be in operation in a works atJRavenna. A great 
deal of information regarding the process, with estimates of 
costs, is given by Coppadoro. 

Another process for the manufacture of sulphuric and 
hydrochloric acids simultaneously from chlorine, sulphur dioxide, 
and steam ha» been patented by the International Precipita¬ 
tion Co. and II. V. Welsh (U.S. F. 1285856). The sulphuric 
acid is separated frqin the'’ gaseous hydrochloric acid by 
electrical precipitation of the timely-divided suspended particles 
oPsulphuric acid. 

1 (latr^ Chim. Hal., 1909, 80, 616. 
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ABSORPTION OK HYDROCHLORIC /CID 

Necessity for Condensation—Injury to Vegetation. 

In the infancy of the sulphate of soda industry, hydrochloric 
acid was regarded as a useless by-product and no attempt was 
made to absorb it. So long as the factories were small, the 
nuisance caused by the escaping acid was tolerated, but as the 
manufacture increased, municipal intervention became inevitable. 
It may be of interest to mention that when the Liverpool 
authorities compelled Muspratt’s works to close on account of 
the nuisance, works were started at Newton Heath, only to 
meet a similar fate. It was obvious to the manufacturers that 
some less crude method than shifting factories from place to 
place must be found ; yet it was many years before the problem 
was satisfactorily solved In the abstracts of early British 
patents, is the record of a patent taken out by M/’Edward hord 
on 8th March 1839 which deserves to be remembered by a 
grateful posterity. His furnaces and factories were to be 
erected on a ship or flotilla, partly lined with lead, and moored 
on thp high seas sufficiently far from the mainland to prevent 
injury to vegetation. For this patent the full tax was paid! 
The patentfrig of such a propo «1 may be regarded as «n 
exaggerated expression of thti despair with which the problem 
was regarded. 

The first attempt at a remedy was to build enormously tall 
chimneys, even up to 500 ft., in order to dilute the acid gas 
with air and smoke, and to discharge at a high level. This 
proved a complete failure, and in some cases made matters 
worse, a# dense clouds of acid fog descended and laid waste 
th^ vegetation for greater distarffces. 

The earliest recorded attempt fo absorb the gas by water 
M5, • Y 

T» 
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was made in 1827 at Walker-on-Tyne. Th<? gas was led 
through flues and chambers into which water was sprayed. 
Stone lowers packed with pebbles or broken glass were also 
tried, but with very partial success. The first efficient scrubbers 
were the coke-condensers, which were patented in 1836 by 
Gossage, and whiJh arc .still in common use. Strange to say, 
the absorption in stoneware bottles never appears to have 
found favour in England at any time although used for over 
a century on the Continent. 

Noxious Effect on Vegetation.—The investigations of the 
Belgian Commission of 1855 proved conclusively that the* 
dilution of hydrochloric acid with air or smoke is not sufficient 
to prevent noxious action on vegetation. The second part of 
their report treats of the influence of wind, barometric pressure, 
humidity and temperature of the air, topographical situation, 
configuration of the district, distance from the source of the gas, 
and other possible factors. An abstract of this report is given. 1 
The effect of the gas upon trees and hedges, especially upon 
their leaves, was investigated with great care. It was found that 
trees are attacked very unequally, and the following series was 
established, whose first member, the hornbeam, is most sensitive, 
whilst the last, the alder, is least sensitive to the gas :— 


Hornbeam, 

Hazel, 

Stone-oak, 

Beech, 

Birch, 

White maple, 
Field-maple, 

Hawthorn, 

Spindle-tree ( Euonymus « 
• curopicus ), 

Elm, 

Linden, 

Blackthorn (Sloe), 

Larch, 

Bramble, 

Ash, 

White poplar, 


Italian poplar, 

Aspen, 

Thuya, 

Vine, 

Plum-tree, 

Apple-tree, 

Pear-tree, 

Cherry-tree, 

Red-currant-bush, 

Rose-tree, 

Lilac, 

Elder, 

Raspberry-bush, 

Spear-tree (Spirtea ulmaria), 
Hop, 

Alder, 

Grey alder. 


1 Dingl. polyt. /, 166 , 375-42 /• 
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NOXIOUS EFFECT ON VEGETATION 

The first sigil of attack is the appearance of spots on the 
leaves, and at a more advanced stage the leaves die off As 
the buds are better protected, leaves usually appear the next year. 
Finally, even the buds are attacked and the tree then dies. 

Vegetables and crops suffer much less than trees and 
shrubs. Spots arc frequently found on the feaves of potatoes, 
beans, clover, lucerne, cabbage, turnips, etc., but the plants 
appear to be little injured, particularly in the case of root- 
crops. There is considerable divergence of opinion regarding 
the effect of acid fumes on corn, and the Belgian Commission 
^ound no case of damage proved at distances of 150 yards or 
upwards from the sdurce of pollution. The conflict of evidence 
on this point is probably connected with the fact mentioned by 
an Alkali Inspector, 1 that complaints regarding atmospheric 
pollution arc most frequent when crops are bad everywhere. 

Alkali-works frequently receive more than their due share 
of the blame for atmospheric pollution, and in particular are 
credited with damage done by sulphur dioxide. Dr Angus 
Smith found the amount of sulphur acids in the atmosphere 
to be as high as 2518 g. (calculated as SO.,) per million cubic 
metres of air in Manchester, as against 17C0 g. in London and 
474 g. in a country .district. At the same time, it should be 
said that there i» little doubt that hydrochloric acid is more 
deleterious in its cfflEct on vegetation than sulphuric fumgs. 

The injurious effect of acid fumes in the aF.iS probably due 
mainly to the acids precipitated in solution by rain or dew, 
rather than to the gases diffused in the air. Damage is rarely 
observed in dry weather, and becomes quickly noticEBble in 
damp or foggy weather. 

Radius of Noxious Effects. —This is naturally largely 
dependent *on the situation of *the works, the efficiency of 
condensation, and many othes factors.' The Belgian Comnrission 
place the minimum at 600 metres (656 yards) and the maximum 
at 3000 metres (3187 yards). Cnristel 2 states that effect on 
vegetation could be proved up to IOOO metres from an alkali- 
works where efficient condensation appliances frere in use. 
By experiment 1 , he found definite evidence of disturbance of 
vital functions in plant organs when the air contained 1 part 
per thousand of hydrochloric &cid. According to Dr Angus 
x Annual Report of Alkali Inspectors. * 1 Wagner's Jahresler,, 1874, 277. 
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Smith, if rain contains to parts of acicj per million, 
vegetation entirely ceases. 

Further investigations on the effect of acid fumes on vegeta¬ 
tion will be found in the followingSonnenschein, Dingl. 
polyt. J., 1871, 200, 336; Hascnclever, Chan. Itid. } 1879, 225 
and 275 ; Hamburger, J. Soc. Chcm. Ind 1884, 4 , 202 ; 
Twenty-eighth Annual Report on Alkali Works, p. 19. 

Effect on Human Health.-fMany' investigations have been 
made on this subject. Pollution of the atmosphere with 
hydrochloric acid naturally interferes with the comfort of 
those living in the district, but there is no evidence ok 
injurious effect on health, except on individuals suffering 
from chronic diseases of the larynx. No injurious effect 
has been proved in the case of phthisical or asthmatic 
complaints. It is stated that the public health statistics of 
Widnes, one of the greatest centres of alkali manufacture in 
the world, are more satisfactory than those of any other large 
city. The Belgian Committee of 1855 found no evidence of 
injury to health by acid fumes. Reference should be made 
to the report by Dr Ballard. 1 There arc further references 
in :—Sixteenth Annual Report on Alkali Works , 1879, p. 7; 
Twenty-ninth Annual Report on Alkali , Works, 1893, p. 26; 
Jurisch, Chan. Ind., 1603 , pp. 158, 174, 211. 

« 

Legislation against Pollution of the Atmosphere. 

By 1846, Gossage’s coke-towers were universally employed 
in English works; but, as generally constructed at that time, 
they 'Were very inefficient; and in consequence of their 
unsuitable constiuction and that of the decomposing-pans, 
furnaces, and conducting-pipes, there were still enormous 
quantities of uncondcnsed t.cid vapours sent inlo the air. 
Before 1862, according 'to an .estimate by Fletcher, ten 
factories in Lancashire alone poured forth weekly 255 tons 
of dry HCl and all the English factories together at least 
1000 tons. According to Dr A. Smith, the usual loss of HCl 
in saltcake-Inaking was then 16 per cent, on the average, 
but 40 per cent, in some cases. In Belgium the Commission 
of 1855, as can be calculated from their Report (pp. 57. et se^.), 

1 Eighth Annual Report of the Local Government Board, Supplement, 
containing the “ Report of the MehlWil Officer” for 18/8, p. 206. 



LEGISLATION AGAINST POLLUTION 


229 


found even greater losses, viz., in the (our factories examined, 
43-2, 28-3, 56-3, and 44-4 per cent, of the HC 1 'yielded by the 
salt. In France Frcycinet ca'culated. in 1866, 1 that at that time 
one-half of the hydrochloric acid generated went into ttie air. 

It is not surprising that, under these circumstances, the 
complaints about nuisance were quite as gi*at as at the time 
when no hydrochloric acid at all was condensed ; for in the 
meantime alkali-works had increased to such an extent that 
the absolute quantity of K\ drochloric acid escaping unccndcnscd 
amounted to much more than that which escaped jn the 
Jormer period, when no condensation at all wan attempted. 
The destruction of»lhc vegetation round the alkali-works was 
only too evident, without any Commissions of inquiry, although, 
on the whole, the value of land round the works had increased 
(Twelfth and Thirteenth Reports, p. 15). It was impossible 
to ignore the nuisance caused by the smell, and the worse one 
that iron objects of all kinds, locks, window-fittings, gutters, etc., 
could not be kept from rusting, that the tools of mechanics were 
at once blunted, and that even window-curtains were destroyed 
in a very short time. The public, thus afflicted, can hardly be 
blamed if they raised the reproach, unjustified as it was, that 
the alkali-works poisoned the air of the neighbourhood and 
caused diseases. . 

The most potent incentive to preventing any waste of 
products in factories seems always to be the fact that it eiTtails 
pecuniary loss. But experience has proven *in innumerable 
cases that it does not suffice for preventing such waste: the 
convenience of many manufacturers, on the one hand, 4^ their 
employees’ insufficient knowledge, on the other hand, have been 
more than sufficient to counterbalance it. Even the inter¬ 
vention of»the courts of law, the.claims for damages, and other 
unpleasantnesses of all kinds could quly in isolated cases prevail 
to bring about a thorough cure. Unfortunately, a pecuniary 
motive for preventing the escape of hydrochloric acid did not 
exist; at that time only a small portion of the hydrochloric acid 
generated in alkali-making could really be ‘brought into the 
trade as such, or used up in the factories themselves for making 
bleach mg-powder, chlorate of potash, and bicarbonate; of the 
remainder, all that did not go into the air had,’after condensa- 
1 Rapport tCa Jury International, 1877, vii., p. 42. 
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tion, to be run into the nearest watercourse, where it killed all 
the fish and gave rise to fresh complaints. ' 

It was inevitable that in the end, resource should be made 
to legislation to stop the nuisance. In Belgium, this was done 
in a seemingly thorough and scientific fashion ; but in practice it 
was found that tl\- legislation had failed in its object. Open 
roasters for calcining saltcake were prohibited and muffle 
furnaces made compulsory for this purpose. This did not 
stop the nuisance, because blind roas'ters (particularly at that 
time) were anything but trustworthy. 

In England, legislative interference with chemical industries^ 
has often proved disastrous, but the Alkali,. Act .of 18G3 is an 
outstanding exception to this rule. The Act neither specified 
nor prohibited any type of apparatus, but made it incumbent on 
the manufacturer to reduce the escape of hydrochloric acid into 
the atmosphere to under 5 per cent, of the total hydrochloric 
acid manufactured. It also established a compulsory registration 
of all factories manufacturing sodium sulphate and provided for 
a periodical inspection. Additional Acts in 1874,1881, and 1906 
extended the scope of the original Act so as to apply similar 
provisions to other processes. The Act of 1874 imposes the 
further condition that in a cubic foot of the gas escaping from 
the factory into the atmosphere not more than 0-2 grain of HC 1 
may be present. This is the same as 0-454 g. of HC 1 per 
cubit metre, or about three ten-millionths by volume. 

An historical survey of the Alkali Acts up to 1892 is given 
by the Chief Inspector, Mr A. E. Fletcher. 1 

It is stated that just prior to the passing of the first Alkali 
Act, about one-third of the hydrochloric acid generated went 
into the atmosphere. By the end of the first year the loss'was 
reduced to 1-28 per cent., in the second to 088, and in the third 
to 0-73. The amount condensed compared with that produced 
is given in the Annual Reports on 'Alkali Works as follows for 
recent years:— 


Year. ‘ 

1912. 

IMS. 

1814. 

121 s. 

1616. 

Per cent, condensed,. 

• 9874 

98-81 

98-49 

98-34 

97-90 

Loss per cent. 

. ( I *26 

1-19 

1-51 

i-66 

2*10 


These figures probably show the loss slightly lower than it 
actually is, though this- may ,not be the case. The Alkali 
Inspectors in carrying out .tjjcir tests 'aspirate a measured 
1 J. Soc. Chem. Ind., 1892, 11 , 120. 
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volume of gasVrom the pipe or flue leading the acid vapours 
from the furnace and determine the amount of chlorine present. 
In a similar manner, the chlorine in the exit gas'from the 
condensers is determined and the amount which has escaped 
condensation thus found. Various minor sources of loss are not 
measured, but probably these do not amount^in total to i per 
cent, of the whole. • 

It has already been m«ntioned that the Alkali Act is almost 
a unique exception to the'mle tfiat legislative interference with 
chemical industry in Britain is disastrous. It is only justice to 
connect this with a tribute to the able manner iq which the 
Alkali Inspectors hjve done their work. 

Theory of the Condensation of Hydrochloric Acid. 

The condensation or absorption of hydrochloric acid is 
comparatively simple from a theoretical point of view, but an 
extraordinarily large number of papers have been written on 
the subject, and their authors have vigorously and repeatedly 
urged their particular views. Much of the controversy has 
arisen from different understandings of the end in view, and 
from different opinions as to the best method of attaining one 
or other of these ends in practice. One party have considered 
mainly the completeness of absorption of the hydrochloric acid, 
whilst others were concerned mainly with the practical problem 
of how to obtain the strongest solution of the acid. Many of 
the earlier writers appear to have held such petuliar views that 
their papers have now little but an historical interest, and it is 
owing mainly to the investigations of F. Hurter, and the exposi¬ 
tion and criticism of Hurter’s papers by G. Lunge, that the subject 
is n<Jw generally clearly understood. Hurter and Lunge differed 
on many jninor points of theory and detail, but their papers 
resulted in giving finally a clear picture of the whole subject 
The problem consists ifl devising the best method b!*(i) 
obtaining complete condensation of the hydrochloric acid; (2) 
obtaining the highest possible concentration of th<>hydrochloric 
acid in solution; and (3) effecting these objects with a simple 
plant which is, inexpensive in cost and upkeep. 

The problem is complicated by various factors, the most 
important being variations in tlje concentration-of hydrochloric 
acid in the gas undtr treatment, variation in temperature of 
the original gas, and the difficulties which arise in construction 

* t 
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on account of the corrosive nature of both the^gas and liquid. 
An important factor, often overlooked by the earlier investigators, 
is the large evolution of heat which occurs when hydrochloric 
acid dissolves in water. 

Solubility of Hydrochloric Acid. 

The solubility of hydrochloric acid varies with temperature 
and pressure, but the variations do not conform to the simple 
laws which arc approximately accurate for most gases. 

IV^ost of our knowledge of the equilibrium between hydro¬ 
chloric acid solution, hydrochloric acid gas, and water vapour, is 
derived from the investigation of Roscoe and Dittmar. 1 Their 
results are so important for a clear understanding of the 
conditions for the absorption of hydrochloric acid that a 
close consideration of them is desirable. Roscoe and Dittmar 
give their actual experimental figures, and also tables obtained 
by graphic interpolation. The latter arc more convenient 
for present purposes, and reference may be made to the 
original paper by those desiring the experimental figures, in 
some cases in the tables given below, further figures are given. 
These have been obtained by calculation from the experimental 
data of Roscoe and Dittmar, except where it is explicitly stated 
that they are derived from some other source 

Variation of Solubility with J'rcssurer —The solubility at 0° 
under various .partial pressures of hydrochloric acid is shown in 
the following table. The pressures given are the partial pressures 
in cms. of mercury. 


Pretwure 

oniH 

(Jrftins 1101 
per 1 k of 

W liter 

Percentage 
of HC1. 

Pressure 

CltlH. 

Grama HG 1 
per 1 g. of 
Water 

Percentage 
of II Cl 

6 

Of’ 13 

38-0 

45 

0-772 

43-4 

, 8 

0-640 

39 -o« 

50 

0-782 

43-8 

10 

0-657 

39-6 

55 

0-791 

44.I 

' *J 2 

0-670 

40-2 

' 60 

o- 8 oo 

44.4 

14 

0-681 

40-7 

65 

0-808 

44.6 

17-5 

0*697 

41.1 

70 

0-817 

44.9 

20 

< 0-707 

41-4 

75 

0-824 

45-2 

22*5 

0-716 

41.7 

80 

0-831 

45-4 

25 

. 0-724 

42-0 

90 

0-844 

45-7 

27-5 

0-732 

,42-2 

100 

0-856 

46.0 

30 

o-73» 

42-5 

no 

0-869 

46-5 

35 

o-75i 

42.8 

120 

0-882 

46.9 

40 

e - 763 

, 43-1 

130 

0-895 

47-2 


1 /. Chem. Sty., i86o, 12, 108. 
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A glance af these figures, or at the curve below, renders 
it evident that|the simple law of Henry is not even approxi¬ 
mately true, but that, on the other hand, the amount of gas 
absorbed increases very little with increase oC pfessure. 



GRAMS OF GAS DISSOLVE* BY IOO (JhAMS OF WATER. 

Fig. 66. 

According to Henry’s law, increase in the partial pressure 
from 12 to 120 cms. should increase the solubility ten times, 
yet the amounf of hydrochloric acid dissolved by i g. of 
water is increased only from 0-670 to 0 882. For comparison, 
th^ solubility curves for a gas jvhich«obeys Henry’s law and 
also for ammonir. are -shown on^he graph. 
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Variation of Solubility ivith Temperature .—^The table given 
below is also from Roscoe and Dittmar. Thetfigures are not 
strictly comparable, since the partial pressures of HC1 are 
different at every temperature. The solubilities were measured 
in each case at a total pressure of 760 mm., made up of 
the partial pressures of hydrochloric acid and water vapour. 
In the preceding section it was shown ^hat the solubility is 
influenced far less than is usual fsr gases by the pressure; 
consequently these figures give a' rough approximation to 
the values with a constant partial pressure of hydrochloric 
acid at various temperatures. 


Tump. 

•c 

nCl gram* 

JVr emit. I 

Temp. 

*C 

HCI grams 

JVr cent. 

dissolved by 

HCI m j 

dissolved by j 

HCI in 

1 g. of Water. 

Solution 

1 g. of Water. 

Solution. 

O 

0*825 

45-2 

48 

0*603 

37-6 

4 

0*804 

44-6 

52 

0*589 

37*o 

8 

0-783 

43*9 

56 

0-575 

36-5 

12 

0702 

43*2 

60 

0-561 

360 

l6 

0-742 

42*6 




20 

0-721 

41.9 




2 4 

0*700 

41.2 




28 

0-682 

40*5 




32 

0*665 

39-9 

IIO 


20*24 

36 

0*649 

39*4 




40 

0-033 

38-8 


< 


44 

o-618 

38-2 


t 



Apart froiirthe measurements of partial pressures of solutions 
at 0° by Roscoe and Dittmar, a few measurements at 25 0 by 
Gahl 1 are available. The best series of measurements for our 
present purpose are those by Dolezalck at 30’, which are given 
in the following table. The first and last columns are calculated 
from Dolezalek's data, us they show up the gr^at practical 
importance of these determinations. 

' A study of the figures on p. 23^ leads to conclusions which, in 
view of much that has been written on the absorption of HC 1 , 
arc certainly of great interest. To take one example:—A gas 
which contains pnly 1 per cent, of HC 1 can theoretically yield 
a 27 per cent, solution of hydrochloric acid, whilst a gas con¬ 
taining little over 2 per cent, of HC 1 can theoretically give a 
300 per cent* solution,, assuming in both cases that gas ajid 
1 physik.%Qhtm., 1900, SB, 178. 





SOLUBILITY OF HYDROCHLORIC ACID 235 

solution can be cooled to 30“ and brought thoroughly into 
contact before tfye liquid is removed. 


Table calculated from Data of Doleza/ek ,' showing Percentage of 
If Cl m Solution at 30" obtainable with Various Concentra¬ 
tions (Partial Pressures') of HCl Gas. * 


l'PT cent. ITC 1 

1 by Volume In Gas 

1 al 700 mm. 

j Total Pressure. 

% 

Oorreapontlinf 
Partial Pressum* 
of IIC 1 mm. 

• 

Grams of HOI 
per 100 g. Water. 

Percentage ol 

HOI obtainable 

In Solution 

** 




0-031 

*>•24 

20-1 

16 -7 

0-049 

o -37 

22-5 

18.3 

o-o68 

0-52 

24-8 

19-9 

0-091 

0-69 

26-8 

21-2 

0-0<)T 

0-71 

27-1 

21-3 

0-126 

0-96 

2 qS 

22-8 

0.175 

i -33 

32-2 

24.4 

0-186 

1.41 

32-7 

24-6 

0-435 

3-34 

34-1 

25-4 

0-53 

4-io 

34*9 

25-9 

1-02 

7-75 

37-3 

27-2 

047 

11-20 

40-1 

28-6 

1-67 

12.74 

4 i-2 

29.2 

2-04 

3 5*5 

42-8 

30-0 

S 4-15 

305 

45-7 

31-4 

7-3 

45-5 

47-3 

32-1 

8.7 

6i-o 

48-6 

32-7 

14-7 

.112 

514 ! 

34'2 

i 17-6 

'H 

53-0 

34-7 

22-4 

170 

54-8 

35-4 

24-3 

I89 

55-7 

. 35-8 

364 

277 

58-2 

• 36-8 

41-2 

313 

59-1 

37-2 

i 44-3 

1 

337 

59-9 

SI - 5 


1 7 .. p / ivsii . C / itm ., 1898, 28 , 334. 


In view &{ the definite statements made as to the alleged 
impossibility of obtaining anytning like these results In 
practice, it may be well to emphasise the fact that such results 
are possible, and in fact must be obtained, if (1) the gas and 
liquor are cooled to the temperature stated; and {2) the gas 
and liquid are intimately mixed for a definite small period 
of time. 

The great importance of temperature may be demonstrated 
by, comparison of the equilibrium figures at 0° "(from Roscoe 
and Dittmar’s da'a) a*d at 30° (ftpm Dolezalek’s data). 
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The extraordinary influence of temperature is well shown 
by the fact that at o° a solution containilg 37-5 per cent, 
of HC 1 is obtainable with a gas containing only 7 per cent, 
of FfCl, whereas at 30° such a concentrated solution is only 
obtainable if the gas contains 45 per cent, by volume of 
hydrochloric aoifl. 



f'fRCtNTAGE BY VOLUME OF HCI IN GAS AT 76 (Jm M TOTAL PRESSURE 
* Fig. 66 a. 


_ - Heat Evolution during Condensation. 

From the figures showing the variation of solubility of 
hydrochloric acid with pressure and temperature, it will be seen 
that the variation from tfic laws for an ideal gas are very 
nlaiVed. These variations must? be clearly understood for an 
understanding of the condensation problem, but they require 
to be considered in conjunction with what is perhaps the most 
important factor of all, the enormous heat evolution which 
occurs during condensation. 

It may be well to consider from the theoretical point of 
view the various factors influencing the heat evolution duqng 
condensation, though thes^ can not bq dealt with separately 
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when the practical problem is considered. The principal heat 
factors arc:— * 

(a) Specific heat of steam. , 

(b) Specific heat of hydrochloric acid gas. * 

(c) Heat of condensation of steam. 

(d) Heat of solution of hydrochloric ficid. 

(e) Heat 'of dilution of hydrochloric acid so/itiou. 

(0 Sf ecific heatfif hydrochloric acid solution. 

The heat evolution which occurs during condensation is 
dtj£ to the sum of these effects. The relative importance of 
the individual factors* will be indicated by tne following data. 

Specific Heat of Steam .—The following data arc available 
for the specific heat at constant pressure-— 


Temperature. Spocilic Heat. Observer. 

ioo° 0-421 Thiesen 

180" 0-5. 

100-125 03787 Gray 

>28-217“ 0-4308 Kegnault 

Specific Heat of Hydrochloric Acid Gas .—The following 
figures are for the specific heat at constant pressure:— 

Temperature. Specific Heat. Observer. 

13-100“ • 0-1940 Strecker 

22-214°* 0-1867 Regnault 


It will be noticed that the specific heat of steam is abtjyt 
two and a half times that of hydrochloric acid, and that, even 
apart from the large effect due to its high latent heat, the 
presence of steam will add greatly to the work of the con¬ 
densers. The high specific heat of steam suggests, afTWti, 
that the introduction of superheated steam into the furnace 
(Wigg, II. P..5105, of 1879) would cause trouble in the condensa¬ 
tion process, and it is not surprising that this was not *a 
success. * * * 

Heat of Condensation of Steam .—The latent heat of evapora¬ 
tion of water is 534 calories per gram at too”, an*l docs not 
vary much over the range of temperature witlj which we are 
concerned, as the actual condensation* will always take place 
in the neighbourhood of 100“. 

Jrleat of Solution and Dilution .—The following figures are 
from Landolt-Born item 't Tabellen,yifid show the heat evolution 



238 ABSORPTION OF HYDROCHLORIC ACID 

when i gram-mol. of hydrochloric acid is dissolved in n gram- 
mols. of .water. i. b 


n xr i 
53^00 


5 

14,960 


10 

16,160 


5 o 

17,100 


100 

17,200 


300 

17,300 


From these datfi Thomsen 1 shows that the thermal effect can 
be expressed by the equation 


(HC 1 ( m+ 1) H„ 0 ) 


m+ i 


■ J1980 4- 5375 calories, 


where m is the number of gram-mols. of HC 1 . 

The extreme cases are of interest. For m = 0, and n =.4 
(HC 1 , II 2 0 ) = 5375 caloVies, 

which is the thermal effect due to the absorption of 1 gram-mol 
of IIC 1 in 1 gram-mol. of H 2 0. b 

When m = «, 

(HCi, Aq) = 17,355 calories, 

taiXTer maX ' mUm hCEt ° f abS ° rpti0n f ° r a of 

!t wiH be noticed that there is a very marked heat evolution 
on solution. The heat evolution when 1 g. of HCI is dissolved 
^ “ t0 BiVC 3 30 ^ solution is about 

Specific Heat of Hydrochloric Acid Solution.— In Miss Burke’s 
translation a % Thomsen's Thermochemistry , p. 161 the specific 
heats for solutions of hydrochloric acid are given as’follows^- 


n = 10 

Heat = 0749 


20 

0-855 


50 

0-932 


100 

0-964 


200 

0-979 


of h HQ = tL E " Umb fi Cr " f Eram - m0k ° f water P- gram-mol 
of HCI The specific heat of a hydrochloric acid solution is 

SIS ’ "”' ,Sh °! of'“S»i.„de 

Relative Influence of Various Factors on Thermal Effect in 
the Condensation of Hydrochloric Acid— With the abow data 
we are ,n a position to compare the relative importance of 
the various heat changes which occur when hydrochloric acid 

is st : b r ned from a hot ^ 

r 

1 Thermochemische Vntepuchungen, voi. iii., jpp. u and ' , 
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Cooling 1 g. of steam from 500” to 100° 

about 200 calories 

,, 1 g. o|water from gas to liquid 

.. 530 „ 

„ 1 g. of HCI from 500" to ioo‘ . 

70 „ 

Solution of 1 g. of HCI to give 30 per cent 

. solution „ 400 • „ 

Cooling of 1 g. solution from 100° to 30 

n 75 -'oo „ 


It is more instructive to compare the he^ changes which 
will occur with mixtures of acid and water approximating to 
those found in technical ptactice. 

When 142° Tw, sulphuric acid is used with absolutely dry 
salt, 38 parts of water are evolved for each 100 parts of 
aq^ydrous HCi In practice the proportion of water will be 
raised by moisture from the salt, and even more so, in the 
case of open roasters, by water formed during combustion. 
This may be taken then as the absolute minimum of water 
likely to be present. Taking as a unit quantity 1 g. of HCI, 
we will have with it 0-38 g. of water. The relative import¬ 
ance of the various heat factors will be seen from the following 
table:— 

Cooling 0-38 g. of steam from 500“ to too" . 

„ 0-38 g. of water from gas to liquid . 

„ 1 g. of HCI from 500" to too” 

Solution of 1 g. of 1 IC 1 to give 30 per cent, 
solution (assuming* extra water required to 

be added as colck water). 

Cooling of 3 g. of soluSon from 100° to 30" . 

Total heat change 


about 76 calories 
„ 200 „ 

„ 7 ° „ 


,1 400 „ 

„ J7o „ 

„ 1016 „•» 


With 126 J Tw. sulphuric acid and dry salt, each 100 parts 
of HCI would be accompanied by at least 55 parts of water 
Making a moderate allowance for water from dampflesT^f 
the salt, combustion of fuel, etc., we may easily have 70 parts 
of water pty 100 of HCI. Assuming, then, that each gram 
of HCI has with it 070 g. of water, the heat change will be 
made up approximately as l'dllows' * 


Cooling 0-70 g. of steam from 500” to 100' . 

„ 070 g. of water from steam to liquid 

„ 1 g. of HCI from 500' to 100° 

Solution of 1 g. of HCI to give 30 pqr cent, 
solution (assdming extra water to be added as 

cold water). 

> Cooling 3 g. of solution.from 100” t*> 30° *. 

. total heat cbqppe 


about 140 calories 
„ ‘ 37 ° » 

. ^ 7 ° .. 


„ 400 „ 

?70 „ 

,, 125° - 
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In the above analysis of the factors involved in the heat 
change which accompanies condensation, certain simplifications 
and assumptions have been made in order to confine attention 
to the main factors. The only omission which has a sufficiently 
large influence to affect appreciably deductions drawn from 
these data is fix- effect of the heated air drawn with the 
vapours from the pan to the condenser. The amount of this 
air varies so largely between opev. and muffle furnaces, and 
even between furnaces of identical type, that it is difficult to 
give, even an approximate value to its effect. This factor 
must, however, be kept in mind when considering these 
figures. It is never likely to be below 25 per cent, of the 
total cooling required, and may with very dilute gases run 
up to over 90 per cent, of the total. 

Cooling Gas before Liquid Condenses. — In the two cases, 
considered on p. 239, this represents 14 and 17 per cent, of 
the total heat change. As, however, these gases will be 
mixed with at least an equal volume, and possibly even ten 
times their volume of air which must also be cooled, this is 
an underestimate of the work to be done in cooling the gases. 
According to the dilution of the hydrochloric acid, this may 
represent from 20 to 80 per cent, of the total cooling work 
to be done. 

Condensing Water Vapour .—The amount of water present 
obviously has a large effect on the heat evolution. In the 
two cases examined, the extra water introduced through 
using 71 per cent, sulphuric acid instead of 78 per cent, 
suliibutic acid increases the cooling work to be done by 
25 per cent. (This ratio will be reduced and become, 
therefore, of somewhat less relative importance when much 
ai{ is present.) 

/peat of Solution .—In ,normal practice, where a concentrated 
acid is desired, solution cannot be completed until the liquid is 
cooled to a low temperature. The amount of heat given out is 
so great that if no heat is withdrawn cold HCi passed into cold 
water will reach‘the boiling point by the time sufficient HCI has 
dissolved to give a 20 per cent, solution. 
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The Cooling Problem. , 

• 

Prom a study of the partial pressure data, it is evident that 
it is possible to obtain strong acid even with dilute gases if two 
conditions can be filled, namely:_ 

(") Suffi cient cooling ft. remove not only the heat of the 
gases but the heat of solution; and 
(/') Sufficient contact surface and time to allow equilibrium 
* to be readied. • 

« 

The second problem will be treated in the next section 
although practically it is impossible to separate its con¬ 
sideration from the problem of cooling. The old coke-tower 
for example, might be excellent as a scrubber, but its thick 
walls render it about the worst possible arrangement for 
cooling purposes. 

If water-jacketed metallic coolers could be used the 
problem would be comparatively simple, but unfortunately this 
is impossible. Provided, however, that no liquid is condensed, 
cast-iron is practically pnattacked, and the gas should therefore 
be cooled to as near ioo" as possible, without allowing any 
condensation. In practice, this is best done by finding 
by trial the maximum length of iron fins, which can 
be inserted between the furnaces and the condensers. 
Particularly in the case of dilute gases is pre-cooling in 
iron pipes advantageous; in some cases about 80 par ccri. 
oi the total cooling work may be done by the cast-iron 
pre-cooler. In large installations a further cooling in 
porcelain 01- glass pipes should ' tcur before the condenses 
or towers are reached. , . 

A liquid is much easier to cool than a gas, and the rational 
method of cooling is to pass cold liquid down the tower against 
the gas current, withdraw the liquid, cool it thoroughly, and 
use it for cooling more gas. A series of scrubbers with the 
liquid passing “counter-current” against the gas current, and 
thoroughly efficient, repeated cooling of the lifluid, appears 
thb only rational alternative to tl»e old*way of making towers 
" big enough.” • - • 

3 
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The Absorption Problem. 

The chief factor for good absorption is the area of gas- 
liquid interface offered per unit volume of gas per unit of time, 
liurter discussed in his various papers how to obtain the 
maximum contact-time efficiency, and considered the relative 
advantages of tower packing, bubbling gas through liquid, 
and spraying the liquid through gas. Hurter’s pioneering 
work is {focussed and criticised fully by Lunge (see last 
edition of this book, Vol. ii., Part I.), and proved of gtcat 
practical value. Hurter’s papers will "be found in the J. 
Soc. Chcm. hid., 1885, 639; 1887, 707; 1889, 861; 1893, 
227 and 989. For criticisms, see Lunge, 1 and in last edition 
of this book. Hurter concludes that the best form of con¬ 
densing apparatus is the coke-tower, and entirely condemns 
the spraying plan both in theory and practice. His main 
objection, that it is impossible to obtain the same surface or 
time of contact between gas and liquid as in bubbling gas 
through liquid, has been adversely criticised by Lunge, and 
is certainly of very doubtful validity. 

For some time after these papers by Hurter and Lunge, 
little was published beyond recommendations of various 
shapes of tower packings. 

Meyer 2 ..as a thoughtful discussion of the condensation 
problem. 

Partington and Parker 3 in connection with the absorption 
ot nitrous fumes consider the theory of gas-absorption in packed 
towers, and take account of the fact that the dissolution of a gas 
in a liquid is not an instantaneous process. Donnan and Masson 4 
discuss the general theory of gas-absorption in packed towers. 
For purposes of simplicity in the mathematical treatment, they 
have made several simplifying assumptions, such as constancy of 
temperature, which prevent the direct application of their results 
to the present,, problem. Their initial survey of the problem 
shows in a quantitative manner that high absorption efficiency 
depends on:— 

1 Z. angew. Chcm., 1893, 328. 2 Z. angew. Chem., 1913, 26 , 97. 

* J. Soc. Chcm. Ind., 1919, 75: * J. Soc. Chem. lnd., 1920, 86, 236. 
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(а) High interfacial area between gas and liquid. 

( б ) High relative motion of gas and liquid. 

(e) High degree of turbulent motion in one or both phases. 
(d) Sufficient rate of flooding to secure a maximum drip 
effect. 

. 

Before proceeding tq a description of the plant, a synopsis of 
the views of various authorities may be given. 

Dr Angus Smith advocated the strongest possible cooling of 
the gas before exposing it to ^he condensing act ; on of the water. 

Dr Lunge advi :s: “Do not cool the gas too much at first, 
but allow it in the hot state to meet so much water that this is 
mainly vapourised, and then expose the mixture to the utmost 
possible cooling on its further progress.” “ The best plan 
for uniting complete condensation with the production of 
the strongest acid seems to be a combination of receivers or 
cisterns and coke-towers or plate-towers.” 

Dr Ferdinand Hurtcr regarded the coke-tower as un¬ 
doubtedly the best form of condenser. A special advantage of 
the coke-tower is that it retains so much liquid that it renders 
harmless minor inequalities in working. 

T. Meyer [Joe. cit.) advocates for a complete absorbing system 
the following (a) one*or two water-jacketed coolers without 
added liquor inside, simply for cooling and to condense sulphuric 
acid, etc.; {b) a stoneware fan giving the minimum draught with 
which the plant can be operated; (V) a gas-mt£r filled with 
granulated acid-proof material; (d) a series (or set oral series 
in parallel) of water-cooled Ccllarius absorbers; and finally (e) 
a small cylindrical stoneware tower in which the gases are 
scrubbed by atomisers delivering spray. 

Modern practice in general fojlovvs the lines of Meyer's 
scheme. The use of glass coolers and cooled absorbers, followed 
by packed towers or smaller coke-toweis is steadily extending. 
In modern plants great attention is paid both in design and 
working to obtaining the minimum adequate draught. 


Progress of'the Evolution of Gas and Temperatures. 

•The following statements on tl»e progress of the evolution of 
HC 1 in the manufacture of saltcake *and on the temperature of 
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the gases refer to some operations carried out at the Griesheim 
Chemical Works, under the management of Mr Stroof. They 
are giyen here as typical for norma! work, but they require for 
their proffer appreciation a previous description of the apparatus 
employed. 

Some of th\ saltcake furnaces (set A) arc provided with 
stone cisterns for the pan-gases, others (set B) with stoneware 
receivers (Woulfe's bottles). % In set A the gases of two pans, 
working with a common roaster, (irst pass singly into a stone 
cistern, then altogether through a set of stoneware pipes, through 
twelve stofee cisterns and into a stone tower too ft. high. Xhe 
cisterns have a width of 6x6 ft. inside*-that is, a horizontal 
surface of 3-24 sq. metres or altogether 38 88 sq. metres. In set 
I! each pan is connected with a stone cistern ; then comes a large 
Woulfe’s bottle, from which start two rows of such bottles, eleven 
in each row, connected by elbow-pipes 3 ft. 3 in. high (see 
below). The two sets unite in another large jar, and the gases 
from two such double sets again coalesce in a receiver connected 
with the stone tower. The two pans thus possess forty-nine 
stoneware bottles, of a total horizontal area (at the level of acid) 
= 21-56 sq. metres. All the pans from six furnaces ultimately 
work into the same stone tower.—The,roaster-gas passes first 
through a cast-iron pipe, then through stone channels, and at 
last through stoneware pipes into a tAwcr, one tower serving 
fo*r three rosters.—The observations of temperature and the 
composition of the gases (per cent, by volume) during some 
working periods showed the following results : 1 - 


Set A. Condensation by Stout’ Cisterns. 

In four hours 14 cwU of roqk-.salt (9S per cent. NaCl) was 
charged, corresponding to 416-3 kg. HC 1 = 254-5 cbm. at 0° and 
760 mm. The operation began at 2.30 l’.M. 

' Unfortunately it is not stated at what stage the observations were made ; 
in the case of the pan-sets they were no doubt taken shortly before the gas 
entered the stoneware receivers ; in the case of the roaster sets, probably 
after cooling by the iron and stone conduits. This uncertainty can only 
influence the temperatures. 
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Pan set. 



Roaster set. 




Volume 

Volume 



Volume 


Time. 

Temp. 

per cent 
HCI. 

per cent. 
Oxygen. 

Time. 

Temp 

Iter cent 
11CI' 

jli'r cent. 

Oxygen. 


Degi ee.s 




Decrees, a 



2.30 

80 

8-4 

18-6 

2.30. 

• ISS • 

1.0 

210 

2-45 

75 

l8-t 

16*8 

-’•45 

188 

I -0 

20-S 

3 

70 

2-8 

20-7 

*3-15 

188 

1*6 

20-8 

3 -i 5 

67 

1-8 

^>•4 

188 

1-0 

20.8 

3-30 

70 

21J.8 

14-2 

j 3-30 

195 

20 

20.4 

3-45 

71 

21-2 

16-0 

3-45 

198 

1-4 

20-6 

4 

70 

15-8 

17-0 

• 4 

190 

1.4 

5 io 

i-'S 

66 

16*4 

17-0 

1 4- 1 5 

196 

o.f 

20*6 

4-30 

74 

23-8 

1 5*4 

! 4 30 

196 

0.8 

20.S 

4-45 

72 

22-2 

16.0 

1 4-45 

194 

10 

210 

5 

76 

2*0 

20-4 


194 

i -4 

40-4 

5 -i 5 

8 2 

8-2 

18.8 

3-15 

193 

10 

210 

5-30 

7 « 

4'4 

200 

j 5-30 

194 

i-6 

20*8 

5-45 

73 

11*4 

I80 

! 5-45 

200 

1-4 

210 

() 

(-7 

4.6 

iy»8 

6 

I98 

1-4 

20 6 

(L15 

74 

6-2 

i ( N 

1 6.15 

197 

1.6 

20-6 

6.30 

*5 

7-6 

190 

I (1.30 

195 

i-l 

20.6 

Average 

- 

n -73 

__ 

18-07 

| Average 


I-2() 

20-75 


We will now utilise these observations for making a calcula¬ 
tion of the composition and quantity of the gases passing 
through the apparatus If we assume that of the 254-5 cbm. 
HC 1 (calculated at 0°) two-thirds have been given off in the 
pan and one-third in the roaster, we have for the pan:— 

169-7 cbm. HC 1 at o' 

- =16-3 „ „ 75” 

1586-2 „ air at 75“ 

1802-5 „ gases given off in four hours; 

or, per'second, 0-015 cbm. HC1 

o-i to „ air 

0-125 .. gases. 

“ • • 

In the case of the roaster:— 

84-8 cbm. HCI at 0" 

= 147-0 „ „ 200“ 

u 5 20 „ air at 200“ 

11667 „ gases in four hours; 


and, per second, 


o-ot cbm. HCI 
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Set B. Woulfe's Bottles (one analysed). 

In three and a half hours 14 cwt. of rock-salt decomposed 
7 cwt. pe» pan. Observations made every quarter of an hour. 



l’an %‘t. 



Roaster set. 


Temp. 

Volume 
per cent. 

IIC ’1 

Volume 
pi 1 cent 
Oxygen % 

Temji 

9 

• Volume 
per cent. 

HC1 

Volume 
per cent. 
Oxygen. 

Degrees 

80 

• 29-6 

I4.4 

9 

Degrees. 

256 

4-2 

20*2 

97 

72-0 

1 4-4 

2-12 

3-2 

20-2 * 

97 

23-2 

14-S 

; 242 

2-2 

20-2 

92 

5-0 

“1-8 

1 2c;() 

1-4 

20<4 

88 

(>•0 

1<>8 

1 254 

1-4 

20.4 

.8 1 

1-2 

20-6 

! 2(>0 

1-4 

20*6 

72 

8.8 

19-2 

i 25s 

2-4 

20-4 

70 

33-4 

> 3-8 

| 248 

1-8 

20-0 

(>(> 

55-1 

(J.2 

248 

2*(> 

20.4 

7 <> 

8 5.4 

2-8 

1 254 

2-0 

20.4 

V> 

75*4 

5-0 

2 = « 

IS 

20*4 

70 

()0.0 

8-0 

268 

4-0 

20*0 

> 


14.8 

244 

3.1, 

20-0 

7 <> 

2()-4 

15.6 

‘ 252 

4.4 

19.6 

8(i 

1 5*4 

17.0 

244 

3-2 

■9-S 

Average 

31-8 

14.0 

, Average 

« 

2.04 

20-2 


If we divide the gas, as before, between the pans and roaster, 
we obtain for^the pan :— 

log 7 cbm. HC1 of Ko 
235-3 „ air „ 80" 

3455 „ gases m all 

, . . “—- ,/ 

or, per second, 0-0085 cbm. HC1 / 

0-0185 air, ■ 

, S^o " ases . 

, For the roaster (served] by tw{1 pans \. 

1 .2 -5 cbm. MC I of 250 
, - 5992-8 „ air „ 250 

<>i55-3 $ gases in all; 

or, per sejr^. • 0 . 0I , cbm . H C1 

-d ’’ 0-475 .. air 

;r 0-488 „ gases, 

mb- *• 

In considering these figures we must take into account that 
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in set A (stone cisterns) the united gases of both pans belonging 
to a furnace were analysed, but in set B (stoneware receivers) 
only the gases ‘from one pan; by means of the oxygen deter¬ 
mination the volume of air mixed with the HC 1 gas coeld be 
estimated. As there are always six charges made in twelve 
hours, the analyses show the progress of the operations. We 
perceive in the first jnstance that even at the same works, with 
identical (first class) management, very great dififcren.es occur 
in the composition of the*gases* In set A, where both pans 
combine their gas in the firs*t cistern, the average is only 1173 
per cent. HCl, again-* 31-8 per cent, in set B; evidently’in A 
the pan-doors had be^n more frequently opened, and there must 
have been more in-draught even with closed doors then in set B. 

The analyses show most clearly that directly after charging 
a large quantity of HC 1 is evolved, up to 85 per cent, of the 
gases; towards the end of the operation this diminishes to a 
few per cent. It is most remarkable that in spite of the strong 
dilution of the pan-gas in the cistern-set A, the condensation in 
the troughs is much better than in the stoneware bottles 11— 
that is, much more uncondcnsed HC 1 gets into the tower from 
the latter, although the cooling must be very good in the long 
pipes connecting the receivers (altogether about 300 ft. long), 
and although the thih walls of the bottles must conduct the 
heat away much ‘better than the stone cisterns. This is 
evidently caused by the fact that the total absorbing surfaqqof 
the cisterns is 38-8 sq. metres, against only 2156‘sq. mcires, 
of the bottles. The temperatures in both cases are about the 
same. This once more proves the great importance of extended 
surface contact. 

If is striking how poor the muffle-gases were. They con¬ 
tained at qjpst 4 per cent. HC 1 and went down to 0-4 per cent. 
Here also one of the furnaces yielded gas twice as rich as the 
other. 

Th. Meyer 1 states the percentage of saltcake-furnaces as 
follows:— * 

Furnace with two pans 29-8 to 18,average 117 % HCi by yol.jn pan-gases. 

„ „ 20 „ 0.4, „ 1-3- - muffle-gases. 

Furnace with one pan 85-4 „ 1-2, „ 31-8 „ „ pan-gases. 

„ „ 4.4 „ 1-4, „ S’ 6 m , mu ffle-gases, 

1 Fabrication von SulfaTugd Suhsaure, p. 35. 
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Apparatus for condensing Hydrochloric Add. 

The task of condensing the hydrochloric acid is different, 
according to whether the whole or most of the acid is to be 
brought to saleable strength, or only sufficiently concentrated 
for own use, or iherely to-prevent the escape of any HC 1 into 
the air, without any regard to the strength of the condensed 
acid, the latter being partly* or entirely run to waste. The 
last case will hardly ever happen*now; the first case is still 
exceptional in England, but pretty frequent on the Continent; 
the second ease, where the condensed hydrochloric acid* is 
almost or quite all used up at the works, is the most frequent 
one in the large centres of alkali-making. The condensing- 
applianccs must necessarily be chosen differently, according to 
whether one or the other of the above cases has to be provided 
for; and this difference must begin with the choice of the 
apparatus for decomposing the salt itself. 

If the task is that of bringing all condensed acid to 32 0 or 
36° Tw., none but blind roasters can be employed, and, in 
condensing, either stoneware receivers or cisterns must be 
added to the towers, so that not only the pan-acid, but also 
the roaster-acid can be made strong enough. If one-third of 
the acid corresponding to the yield of the foaster can be used 
up at the works, open roasters may be employed, if fired with 
coke; wi'ui*|H».>per appliances they furnish acid of 22 0 to 26° Tw., 
which is still suitable for chlorine-making. If the roaster-acid 
is not wanted at all, or only in the state of weak acid (for 
instance? for bicarbonate), the open roasters may even be fired 
with coal; but then the condensers must be packed'very 
loosely with bricks, so as not to be stopped up by soot, and 
the condensed acid will oijly show from 3 0 to 6° Tw. The 
coodensation of the two-thirds of acid escaping from the pan 
will of course take place exactly as in the first case. 

With open driers, separate condensing-apparatus must 
always be provided for the pan and the furnace; from the pan, 
equally strong acid is obtained as by any other process; from 
the furnace, even when firing with coke, rarely'anything above 
22° to 24° T\y., frequently less than that; and whilst the pan 
condensers may be in direct 1 communication with the air, of 
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course the roaster condenser, through which all the fire-gases 
pass as well, must be connected with a chimney. 

In the case of blind roasters it is an open question whether 
it is preferable to employ special pipes, condensers, etc., for 
pan and roaster, or not. Frequently both currents of gas are 
united and sent into the same tower. Th/*, however, does 
not seem to be this best plan. THb pan-gas is much more 
concentrated than the muffle-gas^ as we have seen, pp 245 and 
247, since during ihe turning over of the charge a good deal 
of air is carried through 'the open working-doors into the 
muffle; and in any 'asc the latter gives off much Jess gas in 
the same time and /or the same cubical space than the pan. 
Moreover, the pan-gas is much cooler and more easily con¬ 
densed For these reasons, the pan-gas is more easily dealt 
with than the roaster-gas, and it does not seem rational to 
mix them, instead of erecting special condensing-apparatus 
for each :—simple fireclay or glass pipes and tightly packed 
condensers, open at the top, for the pans; and, on the other 
hand, longer and wider cooling-flues, partly of metal, partly 
of stone or fireclay pipes (preferable to brick flues), along 
with more widely packed condensers, connected with the 
chimney, for the roasters. The latter is recommended because 
the roaster requires "a stronger draught to prevent the gas 
from blowing out of the working-doors. In case of need the 
same coke-condenser can be used for both gasg,s lj# after* the 
roaster-gas has been cooled down to the temperature of the 
pan-gas; but even then one advantage is sacrificed which the 
separation of the gases affords and which in some cases is very 
valuable, viz., collecting the purer pan-gas, nearly free from 
sulpfiuric acid, separately from the much less pure roaster-gas. 
We will some special instance^. 

At St Rollox the arrangement was found by E. Kopp,’ as 
follows (the works of Messrs Tennant at Hebburn-on-T^ne 
possessed open roasters, and consequently a totally different 
condensing-plant):—viz., the pan-gas travels through a stone¬ 
ware pipe 15 in. wide, first 17 ft. upwards and.th^n, descending 
gradually to the condenser, a length of 125 ft. The gas of the 
roaster (the furnace is 15 ft. wide and 30 ft. long outside) travels 
through a pipe of J2 in. diameter* the sanfc way as the 
pan-gas, and into.the.same con^tyiser; but the two gases are 
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mixed only inside the latter. Each condenser is 6 ft. square by 
46 ft. high, apart from a foundation of C ft. and the house for 
water-cisterns, etc. 

At* Messrs Chance’s, at Oldbury, the gases were likewise 
mixed in the condensers, of which there were always two 
combined, so tha^ the gases ascend one and descend the other 
(this is not a good arrangement); at last they passed through 
a small chamber, which coulji be eptered by a man in order 
to satisfy himself of the progress of'condensation. Each tower 
was ^ ft. 3 in. square, and had a working height of 36 ft. Both 
those plants (which have been probably altered since) would 
nowadays be called partly obsolete. , 

At one of the best-managed works in Widnes, the gases 
from plus-pressure furnaces were first condiicted into stoneware 
pipes, 150 ft. long, then into a series of stone cisterns, and at 
last into stone coke-towers, 7 x 7 x 50 ft. The gas of two pans 
and furnaces combine in the last stone cistern before entering 
the coke-towers. For each two sets—that is, for four saltcake- 
furnaces—there is a post-condenser of the same size; but owing 
to the very careful coke-packing of the principal towers there is 
hardly any work for the post-condensers, the acid from which 
runs off only i°Tw. The same works possessed a Hargreaves 
plant, the gas from which was cooled by a’long set of stoneware 
pipes down to 38 ; it was then taken through two coke-towers, 
7 x 5 Q, ft. one of which serves as post-condenser. 

At Chaun^the gases from the Mactear furnaces (fired with 
coke) are treated as follows:—They go first into an octagonal 
stone tower, serving for a first cooling and for catching the dust, 
then through wrought-iron pipes, and further on through stone¬ 
ware pipes, then into a stone cistern divided into two compart¬ 
ments by a partition, in whi^h they are made to pars from one 
compartment into another by a number of tall elbow-pipes, 
which effect a thorough cooling. Then comes the principal 
octagonal coke-tower, made of stone-slabs: this is fed by the 
weak acid from a w ooden post-condenser, pumped up by means 
of an ebonite .pump and stored on the top by means of a number 
of stoneware bottles, connected so as to form a single reservoir. 
Even by means of this complicated arrangement the acid never 
exceeds 28° TW., which-must be considered a maximum fQr 
Mactear furnaces. 
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The Griesheim condensing-plant has been described, p. 244. 

It seems more rational, if several decomposing-furnaces arc 
present, to restrict the number o f condensing-towers by conduct¬ 
ing the gas of two or even more pans into one, and that* of the 
corresponding roasters into another. Of course the condensers 
must be made larger, in proportion to t[ie larger volume of gas; 
but in this way the.condenscrs are more evenly worked than if 
each pan has its own toiler. Ip the latter case, shortly after 
charging the pan much fliorc acid vapour will rush into the 
tower than later on. Properly speaking, at the beginning much 
njpre water ought ! 0 be tun down the condenser .than after¬ 
wards ; but this is not practicable, on account of the great 
trouble it would give. If, however, the gases from two pans go 
into the same condenser, their charges will be so timed that, 
with hourly charges, the gas from one pan will always come 
half an hour after that from the other; the principal evolution 
of gas in the first pan will be already over when it begins in the 
second, and so on. Thus there will be a much more uniform 
mixture of gases in the condenser. There will also be a 
considerable saving of condensing-spacc, as the condensing 
plant required will obviously be less if the maximum from one 
pan coincides with the minimum from the other. 

It is true that tjie above-mentioned interval of half an hour 
is not always easily adhered to ; for since the pan-men have to 
wait for the roaster-men getting their charge fini^et}, and the 
latter cannot always finish in time, disputes neauently arise 
between them, and the men have to be carefully looked after 
in this respect. The proposal of Kopp, to group jjiur pans 
together, which would have to be charged at regular intervale* of 
fifteen minutes each, is altogether impracticable for the same 
reason. When the pans arc not gharged hourly, but at longer 
intervals, a regular rotation between, them is much more easily 
carried out. 

Instead of two or more pans or close roasters a common 
condenser is occasionally met with for two or* more open 
roasters: in this case the evolution of gas is far .more regular, 
especially since, the proportion of acid 'vapour in the fire-gas is 
comparatively small. 

. In the case of stoneware receivers there are Always separate 
strings of bottles lor each pan an^ /or each roaster. 
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Cooling the Gases. Conducting-pipes. 

Wc have already seen that, according to the almost universal 
opinion, the gases should be well cooled before they are intro¬ 
duced into the «jke-towers, receivers, and so forth. The more 
the gases are previously cooled, the less work the condensers 
have to do, and condensation is ajl the more perfect. In a 
rational condensing - apparatus the gas must always pass 
through a channel where it can be cooled by the outer air; 
this is best done by pipes of different material, either J yy 
themselves or in connection with stone tjinks offering a large 
surface. In some places there are large brick chambers (not 
filled with coke) for the same purpose. The stoneware receivers, 
if employed in this way—that is, in connection with a coke- 
tower—also act very well indeed. 

The most suitable occasion for cooling by pipes is when the 
decoinposing-furnaccs are at some distance from the condensers ; 
sometimes they are purposely laid out in this way up to 300 ft. 
away from the towers; or, if the space does not admit of a 
long horizontal conduit, the gas is sometimes first taken 
upwards, say 50 ft., and then downwards again, before entering 
the condensers. ( Cf. later on.) , 

Some direct experiments on the cooling action of earthen- 
wave oi ons-ar e described in the Third Report on the Alkali Act , 
p. 40. At Kurtz’s works, at St Helens, the pan- and furnace-gas 
together pass through a 12-in. pipe. Just behind the furnace 
the temperature was I70°C.; 6 ft. 3 in. further on, 136J”; and 
7 "ft. 3 in. further on, no°C.; thus in a length of 13 ft. 6 in. 
it had been lowered by 60° C.— that is, 4-44° C. per foot of its 
course. Now the gas entered into a stone tank oKa capacity 
of 200 cub. ft., and left it \vith a temperature of 76-5°; after a 
further passage through 18 ft. of 12-in. pipe its temperature was 
60" C. ; the condensation in the coke-tower was perfect. It is 
true that the outer temperature during the experiment was 
only 6°C. . - 

At another works the - temperature of the gas after passing 
through 94 ft. of earthenware pipe sank from 162° to 75 C.; 
and after the* first 40 *ft. it had got down to 86-5°. In ,a 
third works, also perfectly .condensing -its HC 1 , the gas just 
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behind the pan showed 123° to 149°, and after passing through 
250 ft. of piping, 34° to 41 C. 

Very instructive are some observations on the cooling 
influence of different kinds of gas-flues contained in kite fourth 
Report, p. 53. All three flues belonged to open roasters. The 
first was an underground brick flue , 160. ft. loij*, of 1600 cub. ft. 
cooling-space. Temperature on entering, about 360"; on 
leaving, 300“ C.—that is, a fooling of nearly 4" C. for each 10 ft. 
length, or of io°C. for each 261 cub. ft. The second was an 
overhead brick flue 160 ft. long and containing 1300 cyb. ft. 
cqpling-space. Temperature on entering, 360" C.; on leaving, 
88° C.; cooling 17“ C for each 10 ft. length, or 10° C. for each 
47-7 cub ft. The third consisted of cast-iron pipes, 2 ft. 3 in. 
wide and 130 ft. long, of a capacity of 518 cub. ft. Temperature 
on entering, 360°; on leaving, 138°C.; cooling about 17-I°C. 
for each 10 ft. length, or 10" ('. for each 23-2 cub. ft. In later 
Reports we find the following statement for cast-iron pipes:— 
length of piping 124 ft., cooling from about 360° C. to 138 c C.; 
length of piping 105 ft., cooling from 470° (pyromctrical 
measurement) to 138° C. Class pipes, which can hardly 
compete with the materials just mentioned, wall be spoken 
of later on. 

A proposal for further cooling the gas, made by J. Mather, 
is communicated by Dr A. Smith, who himself was not very 
hopeful about it, Air is to be compressed, cooled ^jnutn tothe 
ordinary temperature, and introduced into the gas, which it is 
to cool on expanding. It is well known that the generation of 
cold by the expansion of previously compressed and pooled air 
is not at all a cheap process ; and in this case the condensation 
is certainly rendered as much more difficult by dilution with 
air as it h^s been aided by coolings A sketch of his apparatus 
is found in the E/rcenlh Report on tly Alkali Act , p, 39. 

The conducting-pipes for the gas were formerly always rrtadc 
of a tapering shape, one pipe projecting into another, with the 
cement stemmed in between them (see Fig. 67). ‘The. amount 
of the tapering is such that pipes of 4 ft. 6 in length are 15 in. 
wide at one end and 18 in. at the other. Such pipes can only 
be made by hand, and are consequently dear. Many manu- 
fcteturers therefore choose the slyipe Fig. 68, whicli is much more 
easily and cheapiy made. The, joints are made good by the 
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above-described tar and china-clay cement. Linseed oil and 
red lead is also sometimes employed, but it is mych dearer and 
not so suitable. 

As far*as the size of the pipes is concerned, a 15-in. pipe • 
will do for both pan- and roaster-gas of a blind roaster pro¬ 
ducing 40 tons 'per wqcic. Some faotories only make them 
12 in. wide; but 15 in. is preferable, on account of taking the 



Fig. 67. 


gas away more quickly. A 21-in. pipe is sufficient for the gas 
of two pans and two blind roasters. The single pipes are made 
as long as practicable, so as to have fewer joints. It need 
hardly be said that the pipes must be supported in such a way 
as to enable the joints to be made good all round, and that the 
sockets of the pipes should be at the highest point, if there is 
any fall. 



Fig. 68. 

4 V 

'The usual material of the pipes conveying hydrochloric-acid 
vapour is stoneware or fireclay. ' It Is not easy to get pipes 
resisting both the changes of temperature and the acid gases. 
This, however, is the maker's fault; for good pipes can be made 
without any special difficulty, if sufficient care be taken, as is 
proved at the Tyne Chemical Works at Gateshead-on-Tyne 
(formerly Messrs Ailhusen & Sons), where their own pipes 
are made, and to whom neighbouring factories readily paid 
twice the price asked by ordinary pipe-makers. Their pipes 
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were made of fireclay by hand, without glazing, and before 
using were boiled in tar for at least two days. Most other pipes 
are machine-pressed. They arc always best left unglazed and 
boiled in tar, because they then resist better both*acids and 
cracking than glazed pipes, which cannot be boiled in tar; but 
even the tar-boiled pipes, frequently crack In,<.ancashire pipes 
made of ordinary stoneware, “sanitary pipes," are sometimes 
employed. Excellent pipes arc t|jose made by Messrs Doulton, 
of Lambeth, of very careffilly prepared stoneware. They are 
much thinner and longer than ordinary pipes and cool tlye gas 
vqy well; they also last & long time. 

For some time glass pipes were in much favour in many 
Lancashire works; their introduction is due to Mr Alfred 
Fletcher. Owing to their thin walls, they cool the gas very well 
indeed, and do not easily crack, especially if protected from rain 
and snow by' a shelter. They’ are always made a little tapering; 
and the thinner end of one is put into the thicker end of 
another. They can only leak at the joints, if badly cemented, 
like all pipes; but they are perfectly air-tight in their body; 
whilst earthenware pipes frequently allow the gas to escape 
all over, or even liquid to ooze out The latter occurs with 
Lancashire stoneware pipes much more than with porous 
fireclay pipes boiled in tar. Glass pipes are as cheap as 
stoneware pipes. Thoir cooling action, in a string of 300 ft. 
length, was found to reduce the temperature 110m, ,,145°O.'at 
one end to 57° C. at the other end, with an outer temperature 
of 7'. If a fine jet of water is allowed to enter at the hotter 
end, up to two-thirds of the acid condenses in tljese pipes 
thenpielves. They arc employed not only for pan-gas, but 
also for blind roasters, and, if properly’ supported, stand better 
than any «.‘arthenware pipes. Reoently glass pipes have come 
more into favour, and many rjorks have adopted modern forms 
of water-cooled glass condensers. 

The official Alkali Works Report for 1887, p. 50, states that 
in the fourth district remarkably good results wdre obtained, 
partly through the increasing introduction ef .plus-pressure 
furnaces (sec above, p. 119), partly by replacing the underground 
gas-flues by overhead sets of glass pipes. Lunge received a 
specially good accrunt*of the glfss pipes made *by Pilkingtons 
at Widnes, which are itmealed with particular care. The glass 
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tubes made by Moncrieff of Perth are very good for use as 
cooling pipes. , 

In,the Report for 1884, p. 86, a factory is mentioned which 
possesses for its ten saitcakc-furnaces (nine of which are Deacon’s 
plus-pressure furnaces) not less than 2170 ft. of upright glass 
cooling-pipes. The following temperatures of the gases have 
been observed there:— ’ 

On entering the gla^t pipes* . . 133" 

,, ,. coke-towers . . 62° 

„ leaving the „ * 47° 

In the "Report for 188; (p. 57) we find the following state¬ 
ment concerning a set of pipes 320 ft. longhand 12 in. wide:— 

Temperature on entering the pipes . . . 105° 

„ „ the coke-towers . 64° 

„ leaving the ,, . 51“ 



Fig. 69. 


' The Jh^t that glass really has an excellent cooling action 
can be observed at several American works whose condensing- 
apparatus (certainly only for cylinder apparatus) consists 
cxclflsivdy of glass receivers, holding about 12 gallons each, 
inserted into one another, as shown in Fig. 69, which act in 
reality as surface-condensers. The water contained in them is 
renewed from time to timc»by a stream from abov- Such a 
slightly inclined set of abojjt twenty receivers is connected with 
a larger stone receiver from which a second row of glass receivers 
rises up in the same angle. This apparatus, although decidedly 
crude and Only adapted for very slow work, is said to furnish 
strong acid, ,tnd to allow nothing to escape; but this is very 
doubtful. 

It is a verj - common practice to employ some of the pipes 
cut through lengthways* so that the upper half can be taken 
off; of course, for use, the t\j ( o halves are cemented together. 
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If one such pipe is put in about every three yards, the cleaning 
of the series frojn the accumulating deposit is much facilitated. 

The whole series of pipes, both for pan and roaste/s, is 
always arranged in such a manner that it is first taken straight 
up to a sufficient height for getting afterwards a continuous fall, 
towards the first tank or receiver, or iu the absence of these 
towards the condenser itself. This is done to prevent the 
running back of any condcjwcd atid. 

Even with blind roasters' as we have seen, it is preferable to 
employ separate piros for pan and roaster; for open roasters 
this ‘ s absolutely necessary. With these the employment of 
earthenware pipes immediately behind the furnace is not 
advisable, owing to the great heat; either brick flues or cast- 
iron pipes are preferred. 

Brick flues are sometimes carried underground, but those 
underground flues do not fulfil one of 
the principal functions of condensation, 
viz., good cooling. Better service is 
afforded, but only for the vertically 
ascending part of the gas-flue, by flues 
made of specially moulded firebricks, as 
shown in Fig. 70. Th # ey are shaped to 
the sweep of the fluci and provided with 
feather and groove; iS very fine tar- 
and-pipeclay cement be put into the joints, the flue will Jje vfcfy 
tight and stand well without repairs. 

At the larger English works cast-iron pipes are very frequently 
employed for conveying the furnace-gas from open ^roasters. 
Of thqii cooling action we have treated on p. 253. They may be 
employed without any danger of being destroyed by acid so 
long as th*' gases are hot; and just their excellent cooling 
action is their greatest recomjnendatjor.. But as soon as_ the 
current of gas has cooled down so far that liquid acid might he 
condensed, say to 100° or I20°C., the metal pipes must be 
discontinued, and the further conveyance of the gaS must take 
place through earthenware pipes. With the assistance of metal 
pipes, stone cisterns may be employed even for open-roaster gas t 
which otherwise would crack them too easily. The f actual length 
fos which metal pipes may be employed* without danger of too 
much cooling and subsequent corrosion depends entirely upon 

R 



Fig. 70. 
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the style of work in the furnace. The more salt decomposed 
in a certain time, the longer will the current o£gas remain hot 
enough for metal pipes. Usually 60 to ioo ft. of metal piping 
form the-limit which must not be exceeded; but occasionally 
the length may reach 300 ft. 

The metal pipes are usually cast in lengths of 9 ft., and 2 ft. 
to 2 1 ft. wide; they neetl not be above pin. thick. They are 
either cast with a socket atyme ciyl, into which the other end 
fits, or with straight ends, over whifch a loose ferrule is slid and 
cemjilted on both sides with tar and china-clay. If the pipes 
have to be cleaned out, the cement' is softened by heating,Jlhe 
ferrules are slid sideways, and the pipeuis lifted by means of 
a winch, so that both itself and its neighbours become accessible 
inside. 

There is always some deposit formed in the iron pipes; but 
the amount varies much : it is sometimes so great that they 
have to be cleaned out once a week, sometimes so little that 
cleaning them out once a year is sufficient. The following 
analyses (from the Alkali Act Reports ) show that this deposit 
consists of sulphate carried along by the gas, together with the 
products of the action of sulphuric acid upon the iron, this 
acid being precipitated in a liquid form long before the HC 1 :— 


I'crric oxide . . . 1 

19-866 

26-946 

f 6.400 

19.483 

27-407 

•Alumina .... 

3-171 

4.614 

3-545 

3*905 

4-689 

Lime* v f t . 

o- 37 i 

0-486 

2-110 

i- 3 « 3 : 

0.482 

Magnesia 

0.414 

0-298 

o- 75 i 

0.708 

0-281 

Soda .... 

11-311 

2.808 

24.093 

12-653 

6.003 

Silica 

(..049 

3*309 

13-020 

3-2<»2 

4.166 

Sfllphuric acid (S 0 3 ) 

55-212 

48.077 

48.6,4; 

34-286 

26-220 

• Chloriivfc. 

2.141 

2.034 

0-092 

2-278 

20.4O9 


Flues made oj stone flags are also employed for. roaster-gas; 
the stone should not only be able to resist the acids, but also 
the ‘changes of temperature. It is a very good arrangement 
to give the flue a little rise towards the coke-tower, and to 
allow the acid of the latter to flow down the bottom of the flue; 
this unites ^all the advantages of acid-tanks with thorough 
cooling. At the other end of the flue the acid is got as strong 
as pan-acid, but, of course, less pure. The sketch, Fig. 71, will 
make this clearer. The upper arrows show the path of the gas, 
the lower arrows that of th$ liquid. 
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Circular flues, made of two semicylindrically hollowed blocks 
of stone (Fig. 72), are used at some German wprks with great 
succe^; also troughs excavated in blocks of stone, with stone 
lids (Fig. ?3). 

If (from local causes) lire condensers arc considerably less 
than 100 ft. awty from^he iurnacespthc necessary length of 
pipes fur cooling is obtained in this way: "they are first carried 
a little (low awards so as to piV'cnt condensed acid from running 
back into the pan , then the)’ are carried upwards for, say, 
50 ft., and down again, and ultimately into the condenser. In 
the lower elbow there must be a hydraulic lute for the condensed 



Fig. 72. . Fig. 73. 


arid, which is very impure This arrangement is met with 
both fi*^ta4j and loastei gas, with earthenware, iron, stone, or 
brick filies. It is also employed for Ncwall and Bowman’s 
water-spray process (cf. infra). On the largest scale this 
ipurtiplisati'm of cooling-surface is employed for the very Jiot 
gas from Hargreaves’s saltcake process, where the pipips are 
not only carried a great length, but are also multiplied by 
admitting the gas into a iitig trough, from which ^number of 
par.die 1 strings of pipes c*mvey jt into another similar trough 
communicating u ith the condensers It veil for ordinary saltcake- 
gas such aiymangement is met with here and there. 

Sometimes, but rarely, the gas-pipes have been placed in 
cold-water UuiTghs; in .such a trough of 24 ft. length the gas 
was cooled trom 250 to 180 C. This takes ymch water, and 
cannot compete with air-cooling in cheapness. This plan is 
further developed in* Fryy’s condenser, to be described 
further on. 
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A very peculiar kind of preliminary cooling of hydrochloric- 
acid gases is ^practised by the Salzbergwcrk Ncu-Stassfurt 
(Gcr. P. 55461). Here the gases are cooled from 20^-300° 
down to ioo°-i50° by passing them through a tower or due in 
which they are brought into contact with heat-absorbing solid 
salts, not decomposable by hydrochloric ac;S. (‘his is best 
done by salts containing water of crystallisation which melt 
with absorption of much heat, sucl! as the chlorides of calcium, 
magnesium, or strontium. The liquefied salt flows off through 
a hydraulic lute, protected against cooling, so that the salt does 
nqj solidify there but only outside, whereupon it can be used 
over again. The cooling-apparatus must be kept hot enough not 
to condense any liquid hydrochloric acid, which would run away 
with the above-mentioned chlorides. The cooling apparatus 
employed at the Aussig works will be described later. 

Stone . sterns or Tanks. 

At first the condensation of the hydrochloric acid gas was 
attempted entirely by means of cisterns filled with water, over 
whose surface the gas was conducted. In order completely to 
condense any quantity of hydrochloric acid i:i this way, the 
water-surface should be very large indeed; and this is all the 
more troublesome as metal or wood vessels car..wit be employed, 
and even brickwork set in pitch stands very badly: .so that 
ultimately only the very' ex[x;n.sive stone cisterns remain 
available. This condensing-arrangement would be practically 
impossible for any large factory, not only on accoqpt of* the 
cost, but also of the large ground-space required. Cistern 
condensers therefore went out of favour; and, in England 
especially , # ure less employed than «t hey deserve to be, if used 
in the proper way, viz., only as < supplementary to coke-towers. 

Different systems may be employed for constructing stdne 
cisterns. In France and Germany they are lometimes hewn 
out of one large block. This for large sizes is‘enormously 
dear, and if the cisterns crack, it is often impoesijjle to repair 
them. We shall therefore describe only the two constructions 
usual in England, and represented in Figs. 74 to 77. 

, In the first construction the edgcs*of the sides are bevel- 
jointed ; they' are bou;*d together-• by cast-iron brackets and 



262 


ABSORPTION OF HYDROCHLORIC ACID 


tightened by india-rubber cord. Fig. 74 shows such a tank as 
viewed from above, after taking away the cover; Fig. 75 is a 
side ^levation, Fig. 76 the bottom-stone, and Fig. 77 one of 
the four side-stones as they have to be dressed by the mason; 
Fig, 78, a is a side elevation, and b a horizontal section of a 
corner bracket. % In the bottom-stona a shallow groove, 1 in. 
broad x j in. deep, is marie in the middle of the place intended 



Fiu. 76. Fig. 77. 

V 

for tbc side-stones, for reaming t,he india-rubber cord. As the 
stones are rarely sufficiently even, a band of 6 in. width is first 
dressed smoothly all round the stone, and the groove cut into 
this afterwards. 1 he side-stones arc dressed quite smoothly 
below, and a-sifnilar groove is cut in. Their two lateral edges 
are dressed as shown in the diagram; but o(dy the bevelled 
part, which lyrs to receive the groove for the joint, must be 
dressed smooth. I he upper, edge receives a recess for the 
cover. This itself does not require any dressing; it may also 





















STONE CISTERNS 


26S 


consist of two halves, while the bottom-stone must not. The 
cover is provided with a man-hole. When the bottom has been 
dressed and placed exactly level on its bed, an endless ring of 
l-in. solid india-rubber cord is put into the groove, to whose 
square shape it is, of course, easily fitted, and is fixed at the 
four corners by tacking down. In thcsq corners afterwards, by 
cutting in, J-in. india-rubber cords are'fixed, equal in length to 
the height of the sides; thev afteqprards serve for tightening the 
side-joints, and in the mcarfwhile are held by strings lrom the 
top. The four side stones afe singly put into their places, and 
fixed by wedges a little ajxJve their final position, so that they 
all incline outwards .against wooden props. They are then 
carefully put into their proper places, exactly plumbed, and 
the horizontal and vertical india-rubber cords drawn into their 
grooves, whereupon the wedges are drawn out 
and the weight of the stone is allowed to press 
upon the india-rubber. The sides still remain 
. supported, till they have been bound by the 
brackets, and held together by i-in. round 
screw-bars. The binding is troublesome work, 
since every single piece has to be supported 
till the last bolt is in its place. Where the 
brackets touch the jto’nes, small recesses are cut 
in and strips of lead jjut between the stone and the cast-iron 
bracket, which equalise the pressure. m •• 

Now the cover is put in, and the joint made good in its 
recess by tar and china-clay; if it consists of two halves, the 
joint is made in the same way. The pressure of the sidts on 
the india-rubber cord is not sufficient to make the tanks adti- 
tight; therefore two cross-bars (about 4 in. X 1J in.) are put on 
the covcr^through whose ends pass screw-bolts, which bcmJ off 
at a right angle below the bottom-stone, and on screwing the 
nuts down hold the cover, sfdcs, and bottom tightly together. 
In Fig. 77 the places are visible where these four perpendicular 
bolts are fixed, and in Fig. 79 one pair of these along with the 
cross-bar. - . 

In the second construction two opposite sides fit into grooves 
of the end-stc nes at right angles with them; all four rest in 
grooves of the bo'tomujtone. The binding only takes place from 
one end to another.by means of lt?pg bolts connecting the project- 



Fig. 78. 
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ing parts of the end-stones ; and the joints are always made good 
by tar and china-clay cement caulked in. Fig. 79 shows a 
cistern of this kind in perspective, but preserving the proper 
dimensions. Only, in order to show clearly the way in which 
the sides and ends are feathered and grooved together, the 
upiier recess, which must be marie for the cover-stone, has been 
omitted. I" ig. 80, a, slfbws the bottom-stone from the top; 
big- 80, h, in section, Fig. ^1, n, one of the sides, seen from 
within; Fig. 81, /;, the same in side elevation; Fig. 81, c , top 
elevation; Fig 81, d, bottom eldVation. The recess for the 



Fig. 79. 


covgf is she wn in Fig. 81, b. Fig. 82, a, is an elevation of one 
of the efifls. and Fig. 82, />, shows the end piece from below. 
In Fig. 81 arc seen the grooves for the sides and ends, 4* in. 
broad and 1 in. deep. In Jho middle of each is a V-'shaped 
groove (1 in. side), which, together with a corresponding 
bouom-gronve of the side.? and i-nds, forms a channel for the 
cement. The two outer parts of the ends, where no joint is 
necessary, a S c left rough at the bottom, and are perforated 
with twO bolt-holes each Besides, the ends have each a per- 
pendicular groove, 4) in. wide and 1 in. deep, with a V-shaped 
recess in the centre, just like that in the bottonf; the edges of 
the sides entet into thij groove. The sides themselves only 
have a V-shaped recess all 'round tht; two sides and the 
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bottom, since they enter into the grooves of the ends and the 
bottom. Both sides and ends have a recess for the top-stone on 
their upper edge. Tne thickness of the sides and ends in this 
case is about 4 in., so that the grooves are wide enough for 
caulking with some cement. 

If a cistern of this kind has to bq put yp, the bottom is 
levelled, the sides and ends are plaocd'a little above their final 



b i^v 


Fig. 80. 



positions and provisionally supported. Then the bottom 
grooves are completely filled with tar and china-clay cement, 
and the sides and ends let down into them ; of coarse a great 
deal of cement is squeezed out, and is stemmed inside and 
outside into the space left between the ’stones and the margins 
of the grooves. First, however, two days are allowed to elapse 
for the cement t > harden a little. For the upright joints the 
process is somewhat different, cement is made into small 
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balls, which arc dropped into the lozenge-shaped groove, and 
rammed down with a hot iron, a good deal of cement getting 
squeezed out sideways; this is continued till the' top is reached. 
Here alsoihe cement squeezed out is stemmed into the small 
joints remaining in the grooves. The four screw-bolts connect¬ 
ing the two end« t arc put in and are tightened up as much as 
possible. In order to divide their pressure all over the stone, 
they press upon an iron bar ,\x | in., or upon a piece of pitch- 
pine 4 x 6 in. The cover may bJ simply bedded in cement 
in it,s recess; the cross-bars and*vertical screw-bolts are not 
required here, as the bottom-joint is’tjght without them. Tljis, 
however, only holds good of the acid-cisterns, with which we 
arc occupied at present; in the case of the chlorine-stills, 
otherwise built in exactly the .same manner, it is safer to screw 
the top down, on account of the steam-pressure. 

The question now arises, which of the two systems just 
described is preferable. In the first system a 
somewhat smaller stone surface is required for 
the same cubic contents, and the dressing of 
the stones takes less time, because the large 
grooves have not to be made; the bevelled 
edges, certainly take a good deal of work. 
On the other hand, much rpore iron is required 
than in the second system, viz., eight screw- 
bolts, instead of lour for the sides, eight corner brackets, and 
the cross-bars and screw-bolts for the tops. Once complete, 
these systems last very long without any repair; but if they ' 
hav« to be taken to pieces, the india-rubber cord cannot be 
uked again. \V ith the second system more stone and labour 
for cutting arc required, but a little less labour for putting‘them 
up; the sav ing in ironwork, is very considerable; a^d the tar 
and china-clay cement is^aIso much cheaper than the india- 
rubber. The joints are not quite so much to be depended upon 
as m the first system ; and stemming the joints is now and then 
necessary. ■Everything here depends upon the care and skill of 
the first buildei; Lunge saw cisterns of this kind which after 
five years’ use did not shtnv any signs of leaking. 

I he cisterns constructed on the second system are, as a rule, 
somewhat cheaper than those made qn the first The fiijt 
system is principally used ,ip* Lancashire, the second on the 
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Tyne. It would appear that there is not much to choose between 
them, but the second (groovc-jo ; nt) system is probably preferable. 

A combination of both constructions consists in employing 
grooved joints and tar and china-clay, but joined i>y corner 



Fig 85. 


brackets and the same number of screw-bolts as ki the bevel 
joint system. The sketch (Fig. 83) will make this clea'r. Thi 
style was selected in a special case from fear that the direct pu 
of the bolts upon the projecting ends might be too strong 
ljpt later on the stills were built just in the manner illustrate' 
in Figs. 79 to 82, with grooved jdiqts. 
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The bottoms of the largest hexagonal or octagonal stone 
towers cannot be made of a single stone. They are composed 
of segments, whose joints are made tight by india-rubber cord, 
as described on p. 263 ; on the outside the whole is braced 
together by a framework of cast-iron cramps and screw-bolts, as 
shown in Fig. The grooves for the side-stones are shown 
in Fig. 85. The joints itret stemmed, with* a high-melting tar- 
fireclay cement (p. 265). I ^bottom-stones are thus composed 
of two halves (which is the case ev 4 n with acid cisterns), these 
arc jnade w ; th overlapping rabbets, as shown in Fig. 85, and 
are joined by the hardest tar-fircclaj- foment, or even better,by 
pouring in a mixture of melted brimstone and sand. Cramps 
on the outside prevent the stones from parting. In the case of 
coke-towers each of the halves is dished for running off the acid. 

The thickness of the stones depends upon various circum¬ 
stances, and in the first instance on the quality of the stone. 

In the North of England “Yorkshire flags,” from Halifax and 
Southowram, are very much used, consisting of a sandstone that . 
resists hot acids even without boiling in tar, which, on account 
of its dense grain, would not do it much good. It splits very 
evenly, so that flags of large size and of any thickness can be 
obtained by the simple use of the wedges Of this stone much 
thinner slabs can be used than of more j*>rous and less firm 
sandstones, of which thin plates are frequently as dear as or 
dtwerjiau thick ones. A thickness of 6 in. for the bottom 
(12 in. for condensers), 4 in for the sides and ends, and 4 or 
even 3 in. for the tops will do; frequently thicker stones are 
cmjrtoyed % but without any good reason. Although this sto;ie 
is not boiled in coal-tar, it is advisable and costs very litjle to 
paint the tanks well with tar or, still better, with varnish made 
from tar. • ^ 

la the Tyne district al>o a vejy good siliceous sandstone is 
foutld, which is employed for acid-cisterns, condensers, and 
chlorine-stills. Its denser varieties, such as the Heworth stone, 
do not requift; boiling in tar. This stone docs not split in plates, 
and must be gut out of the rough ; it is rarely employed below 
6 in., usually 7 in., for the sides, and 10 to 12 in. for the bottom. 

It is not so readily cracked by changes of temperature, and does 
not scale off under the influence of hot acid, as Yorkshire stone 
does in the course of time. A.similar stone is>found in Germany, 
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near Herdecke and Wetter in Westphalia, and at several other 
places. 

In France volvic lava, from Clermont-Ferrand, whicj) has 
already been mentioned in Vol. I„ p. 645, is generally employed. 
It must be borne in mind that this material, from which large 
slabs, blocks, and whole cisterns can be made,.frequently resists 
both very considerable changes of temperature and tlv stiungest 
hot hydrochloric acid, but somctii^s samples occur which allow 
the acid to “ weep,” or which even crack. Care must therefore 
be taken in buying them. * . 

G. F. Davis 1 quotes analyses of two kinds of Yorkshire flags, 
which seem to prove that this is not altogether a siliceous 
sandstone. 
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Any open varieties of stone must be boiled in coal-tar , always 
after being dressed by the stone-mason; for sandtjfone after 
boiliyg in tar is too hard to be cut. For this purpose an iron 
pan is used, over which a travelling crane runs for putting in 
and liftiijjf out the stones. The tar must be deprived of its 
most volatile constituents b^ boilieg, but it should n9t be 
boiled down to a very thick consistence, because the pitch thus 
formed will not penetrate sufficiently into the stone. The stones 
(or the whole tanks if made in one piece) must b<? left, lying at 
least a week in the boiling hot tar. Even then the tar barely 
penetrates half an inch into the stone, but still imparts to it 
great resistance against acids, as well as agaiyst changes of 
temperature, rendering, it as it were tougher. 

• 1 (Mem. lrade /.? ii., p. 375. 
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Better than ordinary boiled-down coal-tar is a varnish made 
by depriving tar of its most volatile oils and of^anthracene, and 
bringing it to the desired degree of fluidity by mixing more 
or less heavy oil with it. This article is largely sold in Germany 
as “ prepared tar." 

Acid-proof skifis, artificially prepared , with Metallic background 
have been patented by Kellner (Ger. Ps. 5*5974 and 68168). 
He first coated iron withV mixture of cement, aluminium 
silicate, and water-glass; later on lid prescribed putting upon the 
above-mentioned coating a sheet*of lead, which is joined with 
those of the other slabs at the edge’s,by rabbeting or burning; 
upon this he again places the above mixture and presses sheets 
of glass into this. It is not likely that this composition will be 
introduced in the manufacture of hydrochloric acid. 

Kngels and Nickel (Ger. I’. 67802) manufacture cisterns from 
acid-proof mixtures by embedding in the latter corrugated 
sheets of metal, which impart to the vessels the required 
strength, without coming into contact with the acid. 

K. de Haen (Ger. P. 197074) manufactures acid-proof vessels 
by pressing tantalum hydride into moulds and heating the 
moulded pieces in a vacuum to a white heat, whereby metallic 
tantalum is formed. 

“ Obsidianite ” is the name given to an artificial acid-proof 
noil-porous material, recently come into use in the place of 
vtflvicjava, etc. According to Chan. Trade 1909, vol. 
xliv., p. lot, it is “vitreous silica,” costing half as much as 
volvic stone, but lasting much longer, and having a much 
greater breaking strain, viz., 3} tons per sq. in. Sir F. Nathan 
Has built a Kessler plant entirely of this material at Waltham 
Abbey, in which also the acid lutes arc worked in the stone 
itself so that no porcelain <utcs are needed. s 

. * . 

% 

U'oulfc's Bottles (stoneware receivers). 

The; condensation of hydrochloric acid in Woulfe’s bottles 
or receivers .(bbmbonncs, touries) is not always employed in 
England ; but in France, Germany, Austria, and Belgium it 
is the most usual plan, partly with, partly without a small coke- 
tower at the end. Most good # factories have the latter as well* 

These receivers are larg* stoneware bottles, provided with 
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two large necks and one small one on the top, and with a short 
branch for a tag at the bottom, mostly also with side branches 
for mutual communication. It is very important that both in 
the manufacture of the receivers and in the previous separation 



Fig. 87. 


of the clay the greatest care should be cxercieejl. Of course 
the clay should be entirely free from lime; it must, moreover, 
be well levigated lest any small pieces remain in it, which 
either in burning, or, if not then, certainly afterwards in use 
give rise to crack*. Even therf.got all varieties of clay are 
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adapted for this use, but only good fireproof kinds. In moulding 
and burning also the greatest care must be taken. On burning, 
tile (jeat, as with all real stoneware, must be increased up to 
the poin» at which the mass frits and is semivitrified ; even 
without an enamel it should not allow any liquid to pass 
through ; and course it should have no cracks. Receivers 
uhich really fulfil all fair neijuiremonts and do not crack by 
changes of temperature can Vily be got from a few places. 

(mod stoneware receivers, etc, are supplied in England by 



Fig. 88 . 


Messrs Doulton of Lambedi, the Leeds Fireclay Cq of Leeds, 
and .by sc\era! other makers. ],!< France, they are obtainable 
from the Beauvais potteries. The shape usual in Germany is 
shown in Fig. 86, the English one in Fig. 87. Fig. 88 shows 
a later. English form made by Messrs Doulton. Decidedly 
the best shapefrom a constructional point of view is that made 
at Aussig (Fig. 89, p. 276). I he bottles are about 3 ft. 3 in. 
high; the bellied continental shape is in the centre from 
2 ft. 2 in. to 2 ft. 8 i!Y wide, the cylindrical English shaoe 
about 2 ft. wide. They hold .from 36 to-38 galls. 





STONEWARE BOTTLES 


273 


A new kind of moulding has been introduced at the Aussig 
Chemical works. The receivers etc., arc moulded in plastcr-of- 
Paris shapes from clay slabs cut off by a wire from a block, 
instead of on the potter’s wheel. The)' arc made so accurately 
and neatly that the best eye cannot discover the original joints, 
which on burning would become wider, of course* 

The two upper wide necks serv« for receiving the siphon- 
shaped connecting-pipes, in which ttoe gas is carried in and out; 
they arc from 6 to 8 in.‘wide. The middle neck, usually 
stoppered, serves for pouring in water; it is 2 in. wide, as is 
also the lower one, into which a stoneware cock of i to j in. 
bore is ground. The, latter is not required if side branches 
are present through which each bottle is connected with its 
neighbours; only the last of them in that case needs a cock. 
There is no difficulty in grinding in the cocks so that they 
close perfectly tight; but in consequence of bad work they 
frequently leak at the joint. It is not easy to mend matters 
Jby cement, as there is no chance of stemming any in, as can 
be done in tanks made of stone flags. The acid can also be 
drawn off without any cock by a siphon put into the upper 
neck. Such siphons are made of gutta-percha and last a long 
time, as faulty places can be easily mended by cutting a piece 
out and putting another one in. Gutta-percha can be soldered 
perfectly by means of a hot iron. 

The receivers arc always combined in series such a» have 
been figured on p. 77, in describing the older saltcake-furnaces. 
Usually there are two row's for each pan, and as many for each 
muffle. Two rows arc employed, because the connecting-pi^es 
cannot easily be made w'ide enough to afford sufficient draught 
with a single one. They are made of the same material as the 
bottles themselves, and a little narrower than the necks, but 
provided \fith 'a flange or a conical^ widened-out end (Fig. 
86), lest they should go down too low. Often they are made 
pretty high, say 3 ft., in order to cool the gas. The pipes are 
cemented into the bottle-necks with the same cement that plays 
such an important part in the condensation cf Jiydrochioric 
acid, and which has been frequently mentioned above. It is 
made by well Irneading-up thickened coal-tar with as much 
finely ground china-clay or pipeclay as it will take up, and 
well beating the mixture.with wodffcn mallets till it has become 

s 
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a perfectly homogeneous plastic mass, which is moulded into 
brick-like blocks, and can be kept for some time. It is called 
at the works “black stuff,” sometimes (in Lancashire) “barytes.” 
In largur quantities (for instance, if a whole condensing-plant 
has to be built) thi* cement is made in the cheapest and best 
way by grindmg up, the ingredients under edge-rollers, for 
instance in a cfialk-mil'/. .Before use it is moderately warmed 
up and stemmed into the'joints by means of bits of iron. It 
gives very tight, acid-proof joints, l and in time becomes harder 
when iieated, of course not up to a red heat. Where it cannot 
be stemmed in, it must be used In a softer state, but then it 
does not make such strong joints. 

A less resisting, but more clastic cement is obtained by 
melting up coal-tar with some rosin, and kneading it with 
finely ground pipeclay and sand. Of course asbestos-silicate 
cement can also be employed 

Sometimes the receivers are connected by hydraulic lutes, 
as will be shown later on (Fig. X9). In this case the pipes are 
not so firmly fixed, but they can be very quickly put in and 
taken out if need be 

The first receivers of each row are always connected by a 
forked stoneware pipe with the gas-pipe of the pan or muffle, 
unless the gas first passes through a small,tower in which most 
of the sulphuric acid is condensed by, injected water, and the 
(f'A is so much cooled that the first receivers are much less 
subject to cracking. The last pipes go into a chimney, or 
(much better) into a coke-tower (see below). 

• l! each bottle is filled and emptied separately, the whole 
Scries stands on the same level. The acid-gases are nearly 
deprived of their hydrochloric acid and other constituents 
soluble in water in the firyt few bottles, and in these a strong 
acid is formed, showing in winter 34“ to 36° Tw., in summer 
to 30 Iw. — the latter partly because acid of equal 
percentage ol IK 1 at a higher temperature occupies a larger 
volume, partly because in warm weather it is not possible 
to make such <1 strong acid, owing to the decreasing solubility 
of HU iti water with increasing temperature. The later bottles 
of the series then serve for absorbing the small quantities of 
HU which Ifavc escaped condensation in the first bottles, and 
only very weak acid is forpitd in then?- Whilst, therefore, the 
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first bottles can be daily emptied and refilled with water, and 
yet furnish strong acid, the later bottles not only have to stand 
much longer, but* they cannot wait til! their acid has got up to 
strength, since in that case much HC 1 would escape condensation. 
Their contents must therefore be regularly withdrawn in the state 
of weak acid and filled into the first bottles, in *rder to get up 
to strength in these, 'whilst fresh w*t<A is put into the last 
bottles, / 

This process requires milch labour, and on emptying and 
refilling the bottles ;hc draught in the decomposing-pans and 
furnaces is very mucti interfered with; thus much acid vapour 
escapes from these and .from the open necks of the bottles. All 
the best factories therefore now work differently. Usually the 
bottles arc placed terrace-fashion on an inclined plane. Only 
the top bottle is fed with water, and acid is only withdrawn 
from the bottom bottle. The current of acid-gas travels in an 
opposite direction, first into the strongest bottle, whose contents 
entirely saturates, then over acid less and less concentrated, 
and ultimately over pure water. This is evidently a rational 
arrangement. Without any manual labour water is continuously 
run in at one end and strong acid is run out at the other. But 
if the acid has at once to be filled into carboys, the labour 
required for this has tp t>e furnished. Some arrangement must 
in this case exist for the, liquid to flow out of each bottle into 
the next lower one. But it is much better if the bottli^ar# 
combined in such a way that the acid lying on the bottom of the 
higher bottle, being a little heavier and more concentrated than 
that at the top, runs into the next lower bottle. The way in 
which t this is done will be shown very clearly later on, in* 
describing the Aussig apparatus. One of the two side openings 
(Fig. 89) is connected with a moulded-in stoneware pipe, which 
goes almost down to the bottom of tjie bottle, and causes the 
outflow always to begin from tfiere. The connection between 
two bottles is made by short glass tubes, which are joined to 
the thickened edges of the side branches by strong elastic 
tubing: or the side branches are moulded so js to bend 
upwards, and are joined by small glass Siphons reaching from 
one bottle to the" other. The simplest plan is to put into the 
side. openings india rubber corks, throuri? which passes a short 
glass connecting-tub^ 
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It is sufficient to place each bottle I in. below the preced¬ 
ing one, so that a whole series requires only about 3 ft. 

" t 

fall. 

Sometimes, in order to coo! the gases better, the receivers 
are placed in a tarred wooden trough into which cold water runs 
at one end. ifhis, Ivawier, is not. easily combined with the 
terrace arrangement fa-n described In this case it is still 


\ 
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possible to run water upon them from thc\outside, but at a 
considerable risk of cracking them. At all events the bottles 
of]gilt ti* be protected against the direct action of the sundry a 
light roof. 


Othtr Shaffs of Stoncwaii■ Keeeroersi 

, * • 

» \\ impf (Ger. P. 5 8413) makes hydrochloric acid receivers 
in two parts, as shown in Fig. 90. The lower part contains the 
acid ; ^t he nipper part is provided with a partition, a, between 
the two ixjclis 1 and </, w hich compels the gas to come down 
close to the acid. 

Touries with an internal cooling-pipe are’ made by the 
Deutsche Ton und tStcinzcugwerkc,. Charlottenburg (Ger. P. 

1 Pn > 




STONEWARE RECEIVERS 


277 


means of air, pass through the bottle in a slanting direction, so 
that draught is produced without artificial means; or else they 
may be attached to mechanical aspirating or draught apparatus. 

Walter & Lehmann (Gcr. I*. 8S444) enlarge the surface of 
the liquid ir # thc receivers by placing porous earthenware 
cylinders inside them. • • ,• 

The receivers constructed by R. Ceflarius (Gcr. !’ K'1023, 
of 1899) possess great advantage-stiver the ordinary touries, 
and have been introduced in some of the best-managed 
factories. We describe them “here in the first instance from 
comgiunications made by the inventor. 1 He first discusses the 
drawbacks attached to the ordinary touries. These labour under 


h 
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several disadvantages which prevent a complete absorptic»*«f 
the HC 1 gases by the water. The proportion of the surface to 
the volume of the water is very unfavourable, so that the heat 
liberated by the absorbing process is dispersed too slowly. For 
the sarpe reason outside cooling by water is not very efficient,' 
apart from the fact that the ordinary shape of these bottles 
makes it very inconvenient to arrar^e them in cooling-boxes. 
As the liqifid acid formed proceeds through the set of bottles, 
the stronger acid ought to be forced forward by the weak ackl ; 
but this process is not perfect, the weaker and stronger acids 
getting constantly mixed. Experiments have proved that ten 
volumes of water are required to force one volump of acid of 
32° Tw. out of a bottle. . 

All these drawbacks are avoided by the Cellarius receivers, 
which are made in two different form*. The first of these 
1 Ztangtw. Ckem., 104 etseq. 
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consists of two horizontal serai-cylinders, connected with each 
other concentrically. The longitudinal connection forms the 
bottom of the receivers. These are made in two shapes. The 
first of Ylie.se is shown in Fig. 91 ; it is employed in those cases 
where there is no arrangement for cooling by wa^er, and where 



and leaves by neck l>, just above the bottom on.tbe other side. 

The seated shapejs shown in Fig. 92; it is used where 
cooling by water is employe^, and acid up to 40° Tw. is to- be 
made; but it may be, of cobrse, used alko without water-cooling. 
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Here the necks a and b are placed on the same side of the 
receiver. On the inner arch a projection, c, is formed which 
reaches three-fourths of its length. The ordinary gas-necks, d 
and / are placed on the outer arch. 1 

The Cellarius receivers have the following advantages over 
the ordinary \Vonlfc’s bottles: . • 

1. The proportion between the surface and tlv volume of 
the liquid is several times more favourable, 

2. The second shape (l*ig, 92) is easily mounted in water¬ 
cooling boxes. The necks fof the acid are made tight by india- 
rubber washers, and the receiver is placed in water up to the gas 
necks. Thus not merely is the acid cooled in a thin layer, but 
the gas is also compelled to travel along water-cooled surfaces. 

3. By placing the necks for the liquid at the bottom, on both 
sides of the inner arch, the stronger acid is forced over to the 
..ext receiver, without getting mixed with the thin acid. Thus 
acid of 32" Tw. is completely forced over by only ll times its 

. volume of water. 

4. Each particle of liquid must travel twice the length of the 
receiver, and up and down the same, before it can get out. 
The weaker acid rises above the inner arch and lies on the 
top of the st-onger acid, without mixing. 

5. The necks foi; tire liquid and the connecting-tubes being 
always immeryj^ in waiter, no air-bubbles are formed, which 
very frequentlyBLusc unbearable trouble w'th the op.iajary 
receivers. 

6. On the surface of the liquid within any kind of receivers 
thgre is always a floating skin formed, more or less according 
to thp quality of the salt, of the sulphuric acid employed (waste 
acids), of the grease and the cement. This skin consists essen¬ 
tially of resinous substances, mixed with finely divided cat bon, 
and of ttfr. Generally it does not materially interfere with the 
absorption, but it becomes troublesome after some time-and 
when using inferior raw materials. The skin must then be 
removed, which in the case of ordinary bottles involves stopping 
the process. But with Cellarius receivers it can-be done at any 

1 Th. Meyer claims in Z. angnu. Chtm., 1908, p. 1069, that it was himself 
who suggested this construction. He states that the gaj-coolers, shown 
ill Fig. 92, were devised by Dr Uebel, and that ail this apparatus was first 
made by the firm of K^OclJer, at OfTeiSb^ch,' 



280 


ABSORPTION OF HYDROCHLORIC ACID 


time during the process. For this purpose, when mounting the 
set, a T-piece of glass is put in the connecting-pipe between 
each two receivers, the upright branch of which is as high as 
the receiver (Fig. 92). By simply turning this piece down, 
the two half-receivers in connection with it can be emptied at 
an)' time rlurir^j the .process, and -washed out if necessary. 
These T-pieccs also show ,the level ,of the acid at any time 
during the work. \ 

7. The Cellarius receivers starfd changes of temperature 
much better than the ordinary bottles, probably on account of 
the double arch by which differences* qf tension are equalised. 

8. Their shape allows these receivers to be packed in a 
comparative!)- small space in railway tanks, ships, etc. 

The results obtained with the Cellarius receivers in actual 
practice far surpass anything previously attained in the manu¬ 
facture of muriatic acid. For each ton of common salt decorar 
posed m twenty-seven hours twenty vessels arc required, but 
when followed by a I.ungc-Rolirmann plate-column, that number . 
of receivers suffices for li tons of salt. I11 three years’ work 
Cellarius obtained an average of 190 to 194 parts “technical” 
muriatic acid of 32' Tw. from 100 parts of salt, calculated as 
too per cent, with a set of receivers without water-cooling, and 
with such strong draught that no gas blew /rut when the doors 
of the pot and of the mufflc-calcitier wcje opened at the same 
tin»^. ihe “technical" muriatic acid contains 0-8 per cent, 
sulphuric and, leaving a yield of 183 per cent, real HC 1 to 
too NuCl 1 

'J his system is also used/or- cooling gases in the manufacture 
of hydrochloric, nitric, or sulphurous acid, etc., for which purpose 
the vessels are used in an inverted position; the two gas-necks, 
a, l>, arc placed diamctncailytat opposite ends, so that the gases 
must pass upwards betwetyr the ^w ater-cooled arches^under a 
certain pressure, and the condensed liquid runs away at /, as 
shown in Fig. 93. 

Tin Mcytr reports (loc. at.) that the Cellarius system has 
been very successfully employed in the Ochler-Meyer bisulphate 
process {.supra, p. 184), in jruth shapes just described. The gases 
arc first cooled^ by an empty vessel of the shape show'll in Fig. 93 ; 
they then pass’s gas-filtur, of the kind to be described later on’ 

' t '■ aho i'.. ongfp. Chrm . i<*>K, p, 104. 
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by which nearly all arsenic, iron, selenium, and sulphuric acid 
is retained. They go next into a preliminary set of receivers, 
placed in hot water, si that the gases may enter with a tempera¬ 
ture of 150" to 180° C., and then into the proper crfndensing- 
receivers, onjy half of which need be cooled by water, as the 
temperature even in front never exceeds 80"£ Four’ Ochler 

furnaces arc combihed , • 

with altogether 72 re¬ 
ceivers, of which 48 arc 
water-cooled. At the 
enjJ there is an ordinary • 
tower, filled with cups 
or any other materials, 
but this tower has very 
little work to do. 

' If Cellarius receivers 
are fitted with such an 
• amount of water-cooling that their temperature docs not ex¬ 
ceed 15“ C, pot gases can be condensed to an acid of 40° Tw. 
~~ 38 per cent. HC 1 , which is quite impossible in ordinary 
condensing plants, though such acid is required, for instance, 
for the manufacture of.anilinc hydrochloride. 



Special Arrangements for Receivers 

The following arrangement permits of working with ordinary 
Wtmlfe’s bottles without side-branches, and yet of attaining pj 
a great extent the advantage of systematic condensation and 
saving of labourThere are two rows of bottles, as usual. 
The gas,^however, only travels threffigh one of them,’ A, in one 
direction, and returns to the; othei* B. Next day the .pipe- 
connections are changed, and the gas is first admitted into B, 
t.c., into that bottle which on the preceding day had been the 
last of all, and it then returns through the scries A, which has 
now been filled with fresh water. This change is made eveiy 
day. All the bottles of one series arc* filled and emptied at a 
time. They have each a neck at the bottom; ovor this a gutta¬ 
percha tube is put, which joins a main ’pipe running along the 
whole series; the letter lies in l.wooden shoot, to prevent its 
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sagging by heat, and its projecting end is ordinarily bent 
upwards. Thus all the bottles are connected with each other 
and v*ith the main pipe. At the end of the shift, that series of 
bottles wHfch has had the gas twice and consequently contains 
strong acid, is emptied by bending downwards the projecting 
end of the maifi'yipe. -Then the lattor is bent upwards again, 
and now, if water is run Tntl> any one.of life bottles, all of them 
are getting filled at the sainc'limc. 

For condensing the pan-gas not quite so many receivers are 
needed as for the muffle gas, bcdau.se the former is richer in 
HO and comparatively cool and mofsfc From 35 to 50 bottjes 
suffice for an ordinary small pan, decompiling daily from a ton 
to 30 cut. of salt. The much more dilute, hotter, and drier 
furnace-gases are more difficult to condense, and there ought to 
be 70 or 80 bottles for each muffle; and even then the gas 
cannot be condensed very well by these alone, nor can vei^" 
strong acid be obtained from it. Sometimes, on the contrary, 
a larger number of receivers arc employed for the pan than for 
the muffle. In order to fix the last portions of the acid, which are 
not retained by water alone in rccei\crs, Kuhimann employed 
milk-o)-lime, poured over coke in a special apparatus, and thus 
offering a large surface to the current of jjas. 1 He did this in 
stoneware bottles also, but with a very largta mouth, closed by a 
lid and a water lute, to which at the name time a funnel for 
runTftng the milk-of-limc was attached. The vessel is filled 
through the mouth with lumps of coke about the size of a fist. 
The liquid runs about half-way up the bottle, the upper half of 
whR'h is therefore filled with coke alone and exposed to the 
gas. The milk-of-limc, continually running in from a higher 
reservoir, runs off below as calcium chloride. The pan-gas of 
a furnace decomposing 260 fcg. salt with 279 kg. sulphuric acid 
of 55' to (»' Haume (in,what Jength of time?) firet* passes 
through 66 ordinary bottles, then through 6 lime-bottles of the 
sort just described—that of the roaster through 36 ordinary 

1 Kuhimann us. usually quoted as the inventor of the arrangement 
described in the text, whie li tertumly was first (and perhaps exclusively) at 
work in his factories ; it was'not he, however, but Marsilly, who first pro¬ 
posed this arrangement, w lien the inhabitants of Amiens complained of the 
vapours escaping from Kultiihann's w orks ; and the latter was compelled by 
the authorities to adopt it {AnnaJci/ks Mims, vi (5) p. too). 
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bottles, then through 4 lime-bottles, and ultimately through a 
flue filled with quicklime, several metres long, before reaching 
the chimney. , 

This process, employed for some time at Kuhlmrfnn’s works, 
is not to Jjc recommended ; and it is inconceivable how, so 
long after the introduction of Gossagc’s cqJAf-towers, it could 
have been proposed, and* even comlnendcd by sonu The whole 
arrangement is very complicated, exposed to constant dis¬ 
turbances, can only act imperfectly (on account of the low fall of 
the mi!k-of-!ime\ and involves the loss of all the lime.. The 
Belgian Commission (</» p. 68 of their Report) carefully investi¬ 
gated this plan, and rejected it as quite useless. Even when 
the lime was constantly stirred up, which on the large scale 
would not be practicable in this apparatus, a large quantity of 
uncondensed HC 1 passed through, and the Belgian factories 
Consequently found themselves compelled to give up the process 
again. Afterwards Kuhlmann himself replaced the lime by 
natural barium carbonate , in order to utilise the barium chloride 
for the manufacture of permanent white (BaS 0 4 ). At his 
factory at Roche-les-Amiens there were for each decomposing- 
furnace 160 receivers, 30 of which contain barium carbonate. 
Ultimately the gase* enter a mechanical washer, viz., a cistern 
covered with a woaden lid, in which an agitator causes a con¬ 
tinuous spray of water, holding finely ground barium carbonate 
in suspension. From 100 parts of 92-per-ccnt. salt, 20 s of 
acid is said to be obtained as barium chloride, in addition to 
140 parts of hydrochloric acid (34 0 to 36° Tw.). Even this second 
method (which, according to Stas's report, affords almost perfect 
condensation) cannot be recommended from a technical point 
of view. It utilises a material obtainable only in restricted 
quantities, and produces a by-prdHuct only saleable to a very 
limited extent. Moreover, U is much simpler and cheaper to 
decompose the barium carbonate, without grinding it finely, 
in special apparatus by means of the dilute acid which might be 
obtained by a coke-tower placed behind the receivers.. It is not 
even necessary to make any weak acid at all: 411 . the water can 
be run on tp the tower, and from thi« into the first receiver, so 
as to be ultimately discharged as strong acid. 

• Another half-measure, and consequently unsuitable, is the 
use of the “ cascade battles,” sometimes placed at the end of the 
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scries, provided with a wide central opening, in which a per¬ 
forated funnel filled with coke is introduced, and water run 
down t^ic same ; for of course the gas docs not pass through the 
funnel, but Vnly round it, and the whole complicated arrange¬ 
ment does very little good 

Concluding Remarks on (\idcnsatioh by Woulfc's Bottles. 

It may be assumed that for cacl! IOO kg. salt 140 to 146 
litres qf water must be run through *thc receivers, if strong acid 
is made exclusively In practice, \\*hyre much weak acid is 
made in the last washing of the gas, perhaps twice as much 
water is used. 

Condensation by Woulfc's bottles (tourics) alone is only 
suitable for small or medium-sued works, especially if strong 
and pure and is aimed at ; even then it can be replaced by m 
combination of stone tanks and coke-towers. For the same 
quantity of salt decomposed, bottles sufficient for condensing ail 
the 1 IU are sometimes 11101c costly 111 large works than coke- 
towers, they requite much more space and supervision, and arc 
often vety troublesome through frequent breakages of bottles. 

I his holds good less of pan-receivers than ot muffle-receivers; 
everything of corn sc depends upon the quality of the ware. 
I.nng^ series of bottles check the draught very much, without 
afifofrtirig a si it i u lent equivalent for it, as coke-towers do, where 
the increased friction goes hand in hand with an increase of 
condensing-surface. 1 he advantage of better cooling, which 
bottks havr;against the larger stone tanks, is to some extent 
counterbalanced by the multiplication of apparatus and of joints. 

I he principal drawback of bottles, when employed by them- 
schcsyaxvA not merely as accessory to coke-towers), is that the 
liquid and the gas have cvynparajively few points oiVmtact 
with ftich other. If on cementing the arms in the bottle-necks 
a little tar-cement has got inside, the thin oily layer forming 
on the liquid* prevents contact completely, and the bottle in 
question ceases,to work : this can be ascertained by its remain¬ 
ing cold. Bottle-receiver* by themselves consequently arc not 
to be recommended; but combined with coke-towers of con¬ 
siderable size and made'of the very best material, as will be 
described hereafter, they are adapted for all but the very largest 
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works, in which, in the English fashion, each pan is intended to 
accomplish its maximum of work. 

For small works a combination of Woulfc’s bottljs with 
packed absorption towers can be made very effective. 


Coke-towers: 

I * 

The most important advance fn the condensation of hydro¬ 
chloric acid was the introduction of the coke-town , invented 
by Gossagc in 1836. This is a tower- or column-shaped 
apparatus of stone, brickwork, or stoneware, filled with coke 
or some other porotjs material, over which a continuous rain of 
water trickles, whilst the gas from which the HC 1 is to be 
removed passes likewise through the tower, best in an upward 
direction—that is, opposite to the current of water. Gossage 
Jiimselfi as can be seen from his History of the Soda-Manu¬ 
facture, p. 27, derived no pecuniary advantage from the general 
adoption of his invention, but, on the contrary, suffered the loss 
caused by the first costly experiments. 

Coke-towers are now the principal condensing-apparatus in 
most of the larger alkali-works. Their action is based upon the 
following facts (eery clearly pointed out by Dr A. Smith):— 
When the air contains but very little HC 1 (say 0003 per 
cent.), it appears clcgidy in damp weather. Even when it 
has been condensed in a rapid current through well-tooled 
pipes, it still appears cloudy on leaving them; but when it has 
been passed through small pieces of coke or through very 
yarrow damp channels, it issues clear. The floating•acid 
particles which arc too small to be precipitated seem to' be 
retained like precipitates on a paper filter. The essential 
point is therefore the surface-contact. Few materials offer such 
a larg^cxtcrnal and internal surfacp as coke. Its inner surface, 
enormous as it is, is not directly utilised, since the pores are 
filled with liquid acid and do not allow the gas to pass. Stones 
or bricks would therefore seem to afford the safne action, but 
the pores of coke act indirectly by the continuous diffusion of 
acid from within and fresh water frogi without. Some factories, 
indeed, employ firebricks or specially moulded fireclay lumps 
with many perforations (see belowj. Sometimes with open 
roasters bricks are employed in*the lower and coke in the upper 
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part of the condensers. Still, for the sake of simplicity, we 
sometimes call all these apparatus “ cokc-towcrs ” or, generally, 
“condensers.” The object of employing bricks is partly to 
afford widof spaces in cases where any soot might be deposited, 
partly to avoid ignition of the coke by hot gases from open 
driers. .• ,. • 

Coke-towers arc usually jif square .section, occupying 9 to 
H *!• ft- <’f ground-space, rftid 5 to 120 ft. high. They are 
employed either single or several together, and communicate 
cither .with the open air or with a» chimney. Of course these 
conditions ate not arbitrary, but art;.determined by circum¬ 
stances, such as the si/.c of the batdics, thc,kind of roaster, cfc. 
Hut as the gas always issues very hot, especially from the 
roasters, cooling it by long conduits is of great advantage j 
otherwise the condensers themselves get very hot. If it is 
sought to iciiiedy this by running down very much water, ^0 
dilute acid is obtained, and the passage of the gas inav even 
be obstructed too much. 


I he furnace gases cannot be completely condensed in a 
single tower, if strong acid is to be made. The gas is therefore 
allowed to pass through a flushing-tower or post-condenser , where 
it is washed with a good deal of water, whilst the resulting very 
weak acid is run to waste, unless it is pumped up for feeding 
the condenser proper. The pan-gas by itself can be condensed 
by aS.vingle tall cuke-tower not connected with a chimney. 

1 ost-iondenscrs are generally considered an evil, to be 
avoided if possible In l'.ngland the tendency has been for 
soma years Jo make the main condensers very wide and higlp 
and to do without any post-condensers, not merely for the pjms, 
but also lor close roasters; in open roasters this is not possible. 
Hut this simplification is not* w ithout its drawbacks. We see 
from the Alkali Report, f, { 188^ p. 87, that at a veby well- 
managed factory some furnaces worked with a post-condenser 
or cur) two main condensers, and other furnaces without any 
post-condensers The former condensers furnish acid of 26° 
Iw., but the letter cannot be run stronger than 22° Tw., as 
otherw ise there is danger'.of exceeding the legal maximum of 
escape of HC 1 in the acid-gas. At that factory the weak acid 
from the post-sondcnscA is employed for feeding the main 
condensers, and this is nou*thf.general plan. 
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Condensers, according to Dr A. Smith, may have the 
following defects:—If the coke is too loosc/y packed or the pieces 
are too large, fhere <s not enough surface opposed to thj gas; 
the layers easily collapse, form compact masses, ancl" allow the 
gas to pass more easily through another part of the sectional 
area. In this case a largs portion of the towenwemains inactive, 
and consequently the rea]ly efficient portion of son c very large 
condensers is very small. Exactly the same thing happens 
when the coke is packed'too tightly. In this case so much 
resistance is offered to the gas that it seeks the wider passages, 
never entirely absent. $ ‘very bad case :'s that of condensers 
getting out of plump. Then the water does not run down 
equally, and the gas of course principally ascends on the dry 
side, where it meets with less resistance. Thus a large tower 
fed with much water, may become worthless, as actually 
happened in a Tyneside factory. There this was partly 
remedied by putting in wooden shelves on the overhanging 
side, which compelled the water to flow across to the other side 
of the tower. Very frequently the condensers are too small. 
This can be counterbalanced by a larger feed of water, but only 
to a certain degree. A certain time is required for condensa¬ 
tion, and if the condensers arc not high enough, the largest 
supply of water cannot make up for this, A large condenser 
consequently always \yirks better than a small one. Cases 
have occurred where a strong current of waW ran down and 
arrived only faintly acid at the bottom, whilst the gas escaped 
strongly acid at the top. If too much water runs down, the 
surface of the coke is even lessened and its efficiency impaired. 
The ^arrangements for dividing the water before it runs on to 
the coke are also often very imperfect. It is very important 
that the gas should always travel «n the opposite direction to 
the w^fcr—that is, always upwards. Condensers with an 
internal partition, in which tlie gas first goes upwards in one 
compartment and downward in the other, are faulty. The first 
Report of the Inspector on the Alkali Act merttions a very 
telling case, in which such an ifiefficient condenser was at once 
cured when the gas was taken from Jhe top downwards by a 
string of pipbs'and made to asrpnH in the second compartment 
as well. 

The draught through the •jeddfisers should not be too 
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strong; if the gas is pulled through too fast, condensation 
cannot be perfect. This does not easily happen with condensers 
open at the top, which, however, can only be us£d for pan-acid. 
For condensing the roaster-acid, or both together, especially for 
open roasters, more draught is required, and the condensers 
must be connecttd with, a high chimney. At a Tyneside works 
the condensers situated nfaipst to tho chimney, and exposed to 
the strongest draught, condense much worse than those more 
distant. Suitable dampers ought t <3 be sufficient for correcting 
this (jiult • 

It is sometimes assumed in Ftiffhyid that the difference of 
temperature between top and bottom of a*large coke-condenser 
ought not to be less than 50", but in practice there is no such 
rule. 

High condensers act like chimneys, and this once caused a 
very serious accident. At the Friar’s Goose Chemical Worts - 
near Newcastle-on-Tyne there were six condensers 75 ft. high. 
On Sunday evening, 26th July 1891, one of these caught fire.. 
It collapsed, and brought down with it three other condensers. 
Seven men were killed. These condensers were connected 
with Deacon's plus - pressure furnaces, and the accident was 
evidently occasioned in this way :—A crack in the bottom of the 
muffle, imperfectly repaired, caused tile condenser to aspirate 
hot air and fire-gases from the fire-flues. During the stoppage 
of <K>rk since Saturday midnight the coke had become dry and 
eventually caught fire. In order to prevent a similar accident 
in future, a special cut-off damper has been placed between the 
muffle aiu^ the coke-tower at all works of the United Alkali 
Company. 

Very large condensers cannot be made of square section, 
because it is impossible to»gct sufficiently large stone slabs. 
They arc made hexagonaUor octagonal, and are in ItJFcashire 
always built on the system shown on p. 266, but, of course, the 
joints of the slabs are not dressed to an angle of 45 0 , but to that 
corresponding to a hexagon or octagon. The corner brackets 
must also be jlraped accordingly exactly as shown in Fig. 84, 
p. 267, in connection with the construction of the bottoms of 
such towers. , 

Perhaps tfic larges? condenser in the world was erected 
at the Runcorn Soap and Alkali Works, about wffiich Lunge 
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received the following information on visiting the works:—The 
octagonal tower is 66 ft. high above the foundation. It receives 
the gas both from the pans and roasters of saltcake-fumaces 
decomposing 50 tons of salt in twenty-seven hours. The packing 
consists of the hardest oven-coke, carefully picked and put in 
by hand. Tile feeding-water is run from a sfrcular tank by 
oscillating troughs and watcr-lut^. * There is no previous 
cooling of the gas, no cisterns, no post-condensers. The gas 
arrives at 104°; it is considerably cooled down in the 6-ft. 
space at the bottom below the grate, and here much steam is 
formed which great ly aids Uie condensation. The temjreraturc of 
the acid running out i*6i°, its average strength = 23 0 Tw. The 
exit-gas contains on the average 0-45 grain HC 1 per cubic foot. 

The Alkali Works Report for 1887, p. 45, mentions three 
works where similar large condensers were erected in that year 
'-alone. One of these replaced six of the ordinary Lancashire 
condensers, 6xCx 50 ft., by two octagonal towers, 62 \ ft. high, 
^7£ ft. wide, holding together 28,500 cub. ft., against only 
11,000 ft. of the six old condensers. The former contents 
correspond to 200 cub. ft. for each ton of salt decomposed 
per week, that is the largest condensing space ever provided in 
Lancashire. . 

The interposition.of stone cisterns between the furnaces and 
condensers is not absolutely necessary; even without them, 
complete condensation and moderately strong acid can be 
obtained. Still they are very much to be recommended, 
especially where much strong acid is required for sale. With 
toilers alone the acid can be made sufficiently strong for o\?ri 
use (s«y 28°), but cannot easily be brought up to 34° or 36° 
Tw., as required for sale, unless a very large quantity of 
worthless weak acid is made. Of* course, by lessening the 
supply o/water to the main cpndenser, stronger acid will be 
obtained; but then more gas will pass over into the post¬ 
condenser, where it has to be condensed into weak acid. 
Practice has shown that with properly constructed condensers 
without stone cisterns the acid need not be Below 28° Tw., 
but it cannot well be made strongcr*without incurring the 
inconvenience just mentioned. This is probably caused by the 
fact, that the greatest strength can be only obtained when the 
acid is at rest, not fallingaiown in ireps. 
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The number of stone cisterns is usually three, which is 
sufficient for most purposes; but sometimes six or more are 
employed. In the first of these most of the sulphuric* acid 
carried along with the HC 1 is condensed; the acid’contained 
in this tanl^ is consequently impure, and that of the two 
following ones much purtf. This, however, o»i 1 y holds good of 
pan-acid ; roaster-acid caif never be/>btained free from sulphuric 
acid, because this is partly present in the furnace gas as 
anhydride, which is very difficult to condense completely. 
When there are several tanlss they can be connected, alid a 
strgam of wat^r or dilute acid may be run in them in the 
direction opposite to* that of the current of gas, just as is 
done in the stoneware receivers ; but the tanks are simpler, last 
longer, and the gas-pipes can be made much larger than with 
YVoulfe’s bottles. They har e also a larger condensing surface. 

* Fig. 94 is a sketch of a condensing-plant sufficient for the 
complete condensation of the gas from two English blind 
.roasters producing So tons of saltcake per week. At n arc the 
pipes conveying the gas from the furnaces. They must rise 
high enough to have a fall of \ in. to the foot down to the 
first tank,/'. The gas issues from the furnaces in 15-in. pipes, 
which either enter separately into the cistern /;, or are united 
beforehand by a Y-p'P 0 1 the common pipe carrying them 
onward should have 21* in. diameter. 

It is preferable to introduce the two 15-in. pipes separately, 
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because one of them can easily tie* stopped when either of the 
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furnaces has to stand still for repairs. The three stone cisterns 
b, b v and b 2 , are connected at the bottom by i- or 2-in. 
stoneware pipes; and each of them is provided with an outlet- 
cock. Tlie pipe i connects them with the stock-cisterns, h and h v 
and allows either all the acid' condensed in b, b v jmd b t to run 
into them, or perhaps only that of • b, for bleaching-powder 
making, whilst the purer ayd from b\ and b 2 can be drawn off 
into carboys for sale. 

The cisterns should be placed so that the gas will rise from 
them to the first coke-tower—besf of all, so low that the tower- 
acid can run into them ; but there* should bcj, a fall to ^he 
store-tanks as well. The latter case is not provided for in the 
drawing, which of course must be modified in each factory 
according to the given conditions of level. The gas then enters 
a coke-tower, c, 7 ft. square and 45 ft. high ; from this it is 
taken down in the 21-in. pipes c\ and enters the post-condenSer 
d, which is also 45 ft. high, but only 4 ft. square. From this it 
issues at the top and descends through e downwards into a flue, 
leading to the chimney. In this there must be a suitable 
damper, made of slate or rough plate-glass, etc, and never 
opened wider than is absolutely necessary. 

It would be of course much simpler to connect the towers c 
and d at the top; the gas would then ascend through c and 
descend through d ; the two strings of pipes c and e would thus 
be saved. But this saving amounts to very little in comparison 
with the much more perfect condensing effect of the arrange¬ 
ment as first described. 

, * The two towers are fed with water from the wooden cistecn 
/, which is fixed on a scaffold over the towers, so that there is 
space for a man to stand between the top of the tower and the 
bottom of the cisterns Tfie cocks y y supply the water, in a 
manner to be described in'dctaiUatcr on. V 

The condensed acid is run from c into the cisterns h h v of 
which one is always filling whilst the contents of the other are 
being used in the chlorine-sti^s, etc These cisterns ought to 
be placed high'enough fpr the acid to run to the stills by itself; 
only in the most urgent cases ought pumping.0/ hydrochloric 
acid to be resorted to^ (sec p. 291). It is still better to make 
the condenser-foundations high enough for running the tower- 
acid into the tanks b, and*#,. • • 
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Erection of Stone Condcnsiug-toivers. 

The first thing to be considered is the foundation. This can 
hardly be constructed too carefully—not merely because the 
weight of the tower, with its packing and the water-cistern, is 
very considerable, but <d$o because tl\c running-over of acid, 
which cannot possibly be,prevented absolutely and at all times, 
tends to make the ground all round and the material of the 
foundation itself rotten, especially the mortar. Unless it is 
possible to go down to the cock, a firm building-ground^ust 
be procured bv piling, jujt'in the same wav as for a very high 
factory-chimney. On the bottom of the foundation-pit first a 
layer of asphalt is laid, cither the same kind as is used for 
street-pavements or a mixture of boiled-down coal-tar and 
sand, or else a melted mixture of pitch and brimstone, which 
becomes as hard as stone. Upon this the foundation proper is 
erected, either of quarried rubble stones, or, preferably, of hewn 
freestone. Either stone must be free from limestone or any 
other mineral soluble in hydrochloric acid. Most suitable is 
sandstone with siliceous cement. When freestone is used, it 
is not necessary to build the foundation as a solid block, but 
merely three strong pillars, especially that part of it which 
projects out of thp ground, and which must be carried high 
enough for the acid Jo have a natural fall to the tanks and 
thence to the chlorine-stills. Supposing the latter t;' be 
Weldon stills (i.e., about 12 ft. high all over) and the building- 
ground to be quite level, the height of the foundation from the 
ground to the condenser-bottom will be at least 18 ft.; 24 ft 
will t>e better. * 

The mortar , even for the foundation, ought not to be 
either lime or Portland cement,* but should consist of tar 
and sar^l. At the ground-level another layer of asphalt is 
laid down, which slopes away from the centre in all directions, 
so that'Yio acid can lodge in any one place. A gutter is 
provided for taking away any acid running over, as well as 
the rain-water. * 

Upon the foundation is placed th£ timber frame which has 
to support the* stone tower with the water-cistern on the top 
for feeding it. This frame is often* employed during the 
building as a scatfijld for hoisting, up? the stones. 
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The construction of frame usual on the Tyne is seen in 
Fig. 94 (p. 290). It is bound together at the foot by metal 
corner-brackets and screw-bolts. The uprights' should be at 
least 9 X gin. thick ; the diagonal stays may be weaker. When 
the frame has been erected, railway-plates arc laid upon two 
opposite crownAvees, and bent up a little at each end. On these 
runs a bogie, carrying rails^at right angles to the first, and on 
these is put a second bogie, carrying a winch, so that the latter 
can be run to any given place withih the frame most easily and 
quickly. This travelling crane requires four men to work at 
the winch. 

The bottom-stone, which is at least 1.2 in. thick and very 
heavy, is best put on to the foundation before the frame is 
erected ; for this the crane is not required, as it can be hoisted 
by screw-jacks. It is often dished towards 
the side where the acid is to run away, <s>r 
jl a hole is drilled for the same purpose The 
remaining upright stones arc provided with two 
.£»- shallow recesses near their upper edge ; in these 

il cram P. attached to the winch-chain, gets a 
AaKiwgB hold. In Fig. 95 it can be seen how one arm 
U '111 of the cramp enters into a square hole in one 

Fig. 9$. side of the stone, whilst the either side is pressed 

against by a screw passing through the other 
anfi and by wood wedges. Thus the four stones belonging to 
each course are hoisted one by one by means of the crane, let 
down into their places, and provisionally fixed by iron and 
wooden - lavs, till the whole course has been completely b(>mj{l 
and the joints made good ; then the next course is put on, 
and so forth up to the top; the cover-stone is left off till the 
{racking has been finished. *• 

The courses are built Just ijke those of the stoic tanks 
described on pp. 262 et sty., and may be constructed according 
to cither of the two systems mentioned. Here, however, the 
horizontal jdints between each two courses make the matter a 
little more complicated. For the first system, that of bevelled 
corner edges, an india-rubber ring of 1 in. thickness is required 
for the bottojn, and ,Vin. or J-in. india-rubber cords for the 
upright corncVjoints. These arc fastened in the four corners 
of the bottom-ring aftef adapting this, to jts groove (p. 267), 
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and are stretched perpendicularly up to the crown-tree; on 
letting down the stones care is taken that the cords get into 
their proper grooves. The horizontal joints are made good 
by strips of flannel soaked for twenty-four hours in t « mixture 
of boiled linseed oil, red lead (two parts), and finely ground 
sulphate of fmrytes (threa parts). The.latter i*.added to retard 
the hardening of the ccyncnt. For ^ost-condcnsr-s, only the 
bottom course below the grating freed have india-rubber cord 
for the corner-joints; in the rest of the courses all the joints 
can be made good by seabed flannel strips. The upper and 
lower edges of ali the s^ofies must have ? slight slope inwards, 
say l in., as seen ii* Fig. 96 ; in this way no acid can run 
out. All the edges of the stones must be well cleaned by 
means of a brush, as any small pebbles or rough 
sand would spoil the joint and do great harm. The 
necessary binding by means of corner-brackets and 
screw-bolts is very troublesome, as each single part 
. must be supported until the last nut has been screwed 
home. Along with the tower a light wooden scaffold 
must rise up inside, upon which the men may stand. 

With the second system (p. 264) the erection is 
easier, because the stones grasp one another, and 
the binding especially can be done without any 
trouble whatever. TJjis advantage is even more 
important here than for acid-tanks and ch'orinc-stills. On 
the other hand, it is less easy and reliable to make the 
joints good, the horizontal ones especially, because the least 
carelessness of the man stemming in the “ black stuff” ^oes 
great mischief. For this reason the following very cheap aY)d 
more reliable way of making the joints is sometimes em¬ 
ployed :—A V-shaped groove is worked all round the edges 
of eacly.stone—similarly as iji Fig^ 81 and 82 (p. 265), if the 
upper and lower edges are made alike, except the slight Snward 
bevel given to the horizontal edges. The side elevation, Fig. 
96, will make this quite clear. In this way a ln.:enge-shaped 
channel is formed wherever two stones touch. As soon as a 
course is finished, melted sulphur is jioured into all the upper 
openings of the channels; it naturally also runs into the 
horizontal channels, and affords perfect security against any 
leakage of acid pr gas. Th^.stoifes, just as when joining 
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them by tar-and-fi reclay cement, must'-be perfectly dry; if 
necessary, they are dried and gently warmed by means of a fire 
of shavings. Of course the sulphur would m'elt if the gas 
entered the tower much above 112° C., but that ought never to 
happen. A tower built in thi* way should not be exposed to 
much shaking. . * 

Formerly sometimes 4 hc horizontal edges were made to 
overlap (see Fig. 97), IcavingV'i space for putting in the tar and 
fireclay cement, but the system just described is preferable. 

The four stones forming each course are not all made of the 
same height, but the sides of the fifs^ course are made a foot 
higher than the ends. In the next course the stones are made 



Fig. 97. 



Fig, 98. 


of equal height, but at different levels, as shown in the sketch, 
Fig. 98, and also in Fig. 94. Thus a much better bond is 
obtained than with joints running all round. This does npt 
affect the shlphur-joints, nor the cutting of the stones, as,will 
easily be perceived. But care has to be taken to place the 
iron binders alwliys in the,best way for making the bond a 
strong one. 

Fcjinerly the courses were made of equal height, but the 
sides and ends were changed alternately from course to 
course . 

In ordfcr to equalise the pressure of the screw-bolts upon the 
condenser-sides, 6-in. timbers are carried up the whole height of 
the tower. Sometimes these are made stronger, so* as to carry 
the water-cistcrp. These timbers are not shown in Fig. 94, in 
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four corners, so that all the screw-bolts pass through them, as 
seen on the plan, Fig. 99. 

The stones" near the bottom should be 5 to 7 in. thick, 
higher up only 4S in., if very good sandstone is/available! 
They are frequently made thiokcr, especially if the stone is 
rather soft. . , .9. 

The iron farts of the condenses «must, o*f coun he well 
tarred. This must be repeated trom time to time, at least 



Fig. 99. 


twice a year, as should also the tar»coating of ‘all the stonework 
or brickwork. In spite of this, bracyig-rods, etc., are frequently 
cor rode* and spoilt by acid oozing out or even by rainsvater 
absorbing some acid when dropping upon them. This is 
especially dangerous in the bevelled-corner system, for here 
the corrosion of a single scretfr-bolt means the destruction of 
the whole binding all round ; and if by^chance both the bindings 
belonging to'a'course were similarly spoilt, this course, and with 
ft the whole superjacent portion of the tower, jwould collapse 
like a house of card,?. Jn the secjrtfl system, with grooved joints, 
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this danger is nothing like so great; but here also the corrosion 
of the rods is a serious evil. Sometimes, therefore, all rods, 
after being well tarred, arc further protected Uy india-rubber 
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toutir should, as it were, last 
therefore to be recommended. 


pipes, or more cheaply by earth¬ 
enware pipes put on in building, 
before ihc rod has been pulled 
through the hole of the second 
stone. A lead coating over the 
pip* also lasts a long time. 

• Now and then towers arc 

• _ 

builf , dispensing with iron 
binders altogether. In each 
course two opposite stones pro¬ 
ject above the next lower course, 
and take hold of it by recesses 
fitting on to two stones at right 
angles to themselves, so that 
the whole is well kept together 
Fig. ioo will make this clearer. 
Whatever is saved here in iron, 
is more than counterbalanced 
by the extra cost of stones and 
labour, but .there is absolutely 
no need, for repairs, and such a 
for c\er. This construction is 


Crick Condensers. 

. • 

In many cases (formerly much more frequently than now) 
brick condensers weic employed. In well-managed factories they 
were very rarely used for strfmg acid, mostly only for weak acid 
or as_ post-condensers. They ary usually cheaper thft i stone 
towers, for instance, on the Tyne, where firebricks are '-cry 
cheap; but they very rarely answer all fair expectations, and 
one of our mflsl experienced alkali-makers, after trying for many 
years, gave up ■the endeavour to make his brick condensers as 
tight as stone condensers., If freedom from constant repair work 
is desired, the .stone condensers are to be preferred in spite of 
their extra cost. 

For brick towers firebrick: are mostly.employed, because 
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these usually (not always) resist acids better than common 
bricks; in Lancashire the blue Welsh bricks (p. 269) ire 
commonly use <3 for this purpose. Nowadays several rjanu- 
facturers make a speciality of “acid-proof” bricks. .They are 
set in tar and fireclay, with very thin joints. Sometimes there 
is an inner wall and an -outer jacket, separator by a layer of 
asphalt; more frequently the walls fire solid. Some works 
employ specially moulded bricks, having a slope of i in. in 
their length of 9 in. Thdn the brickwork looks, in vertical 
section, like Fig. jpi : inside there are the sloping bricks, out¬ 
side 4I in. of plain bricks., *At the bottom a whole brick would 
be taken for the outside. The object of the slope is self-evident, 
but such towers are said not to have any great advantage over 
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those built of plain bricks. In the latter case the walls on the 
Tyne arc made 18 in. thick up to a height of 10 ft., and 15 in. 
for the remainder. Three courses of bricks arc laid as runners, 
.jnil the fourth as binders (at right angles to the thickness of 
the wall). For greater stability, and also for carrying the wate'r- 
cistcrn, there are upright 12-in. beams placed in the corners, cut 
out as in Fig. 102, so as to take hokl of brickwork. Every 5 ft. 
of height, corner-brackets anjl bindjng-rods are provided. A 
simi|jir1bml of binding can also be employed for stone t»-wers 
insteadm the frame shown in Fig. 94 (p. 290). The bottom of 
the tower is always formed by a single stone. The condenser 
is painted with several coatings *of tar both inside, and outside. 

Now and then condensers are built^if common bricks soaked 
in hot tar, and immediately after walled quite hot, The weight 
o£ the bricks sets them firmly in the thickened Jar, which, after 
cooling, solidifies and .serves as»/8ortar. If bricks previously 
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tarred are employed, the faces to be joined should be heated 
and, immediately before walling, dry sand dusted upon them. 
Thisps necessary both as a protection against acid and against 
their sliding upon one another when the heat gets up. 

In many works the post-cr mdensers are not made as high 
as the strong txsid condensers, but much broader, of an oblong 
shape, with two nr three •petitions, alternately open at top and 
bottom, so that the gas has to travel up and down. This comes 
to the same as three or four adjoinihg towers; it is not so usual 
with .stone condensers as with briA towers. , 

(',rating or Domc.% 

The construction of the grating or dome upon which the 
packing rests is the same for all kinds of condensers. This 
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gratiig is either a pigeon-holed arch, made of the best fire¬ 
bricks, or it is made according to Fig. 103 (aift above, 
Fig. 09, p. 2t>;). 

Thrc£ stone.fiags are placed' edgeways on the bottom-stone ; 
the> project above the cijtrnnce-pipe for the gas (say 3 ft. above 
the bottom), and arc parallel with the gas-pipe; the middle flag 
is cut out in frtjnt, so that the gas is spread uniformly. The plan, 
P‘g- 99 , along with the ‘ settifm, Fig. J03,. shows this clearly. 
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These flags, about 4 in. thick, carry other stones serving as 
grate-bars, 12 in. broad, 4 to 6 in. thick, and 21 in. apart. In 
the case of very high towers, a second, sometimes even a third, 
grating or dome is built-in higher up, so as to lesscfi the 
pressure of the packing upon tl»e lower parts. 

If the dome has to be arched, first.two d wy 9-in. firebrick 
walls are carried up 3 ft., along the t*vo sides of the tower at 
right angles to the gas-pipe ; upon these a number of 9-in. 
arches are sprung in a semicircle from one side of the tower to 
the other, so as to throw the*pressure downwaids and keep it 
off the sides. These arcljeS are half a brick wide and distant 
from each other by tte same width (4J in.); they are connected 
by special binding-bricks, which pass from one arch to the 
other, a distance of 12 in. from centre to centre (measured on 
the top of the arch), and form a continuous course; thus 
pigeon-holes are formed in the dome. The closers are, in the 
centre, 9 in. wide, in order to reach from centre to centre of 
.two arches; the end closers must be 12 in. wide and 9 in. 
high, and their other dimension is 3J in. at the top and 
IJ in. at the bottom. The spandrels arc walled up level 
with the crown of the arches so as to form a plane, and the 
whole is bound together by a wall 15 in. high and 4^ in. thick, 
running round all tbe four sides. 


Packing Materials. 

The coke employed for packing should be of the best and 
Jjafdest quality of oven-coke. Gas-coke is of no use whatever 
herej because it is too soft and would soon be disintegrated. 
Immediately above the grating the largest and longest pieces 
are placed regularly in parallel courses, theTirst crossing 'he 
grate-bars, the second at right angles with the first, and so on. 
Enr eaft i following course smaller pieces arc taken, so thj't the 
size oTitfc pieces changes from 5 to 6 in. in bottom layer down 
to 2 in. in the top layer. Since the efficiency ot a condenser 
essentially depends upon the qrfiform distribution of \faier and 
gas in it, too much care cannot be’ spent on selecting and 
arranging tRe’ packing. It should be done by a thoroughly 
trustworthy man. When one-third of "the condenser has been 
packed !n this regplar ( way, the^rpmtining two-thirds may be 
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simply filled by tipping-in pieces of coke, separated from all 
smalls by a riddle with 2-in. meshes. The coke is filled in up 
to the lower side of the gas exit-pipe, but after* some time the 
packing settles down a few inches. 

At first the coke yields up 4 little iron and organic substance 
to the acid ; afutrwards this ceases, /t/ter some yifars the coke¬ 
packing must bc’renowoil, the necessity for which is indicated 
by the draught getting bad' 

The large octagonal or hexagonal towers, in which a uniform 

distribution of the gases is much, more difficult than in smaller 
* * • 
towers are best packed with pieces of*cyke of regularly graduated 

sizes in such manner that the larger lingps nr? placed in the 
icfntoe, and much smaller lumps round the edges, where the 
IrattoB^f the gas is greater. 

In lipase of high coke-towers (above 50 ft) it is advisable 
io auml tli^paressurc of the upper layers upon the lower tints, 
* by which the coRMkjnight be crushed, by interposug' dry arches 
at distances of abouP-Jto /iihuse japper? Ihc weight OT't!» 
siijierposed coke column. In this ease each of the compartments 
thus formed can be cleaned out and repacked, if manholes are 
provided for that purpose. We must, however, bear in mind 
that the pressure of the upper column is thus converted into a 
lateral thrust upon those stone flags from wfyeh the intermediate 
arches spring, and that the ordinart construction of coke-towers 
is not calculated for any great lateral thrust. 

Other Materials for pinking Condensers .—For more than 
fifty wars perforated fireclay blocks, or earthenware pipes, or 
phjpcs like flowcr-|X)ts with perforated sides have been employed, 
instead of *okc. We shall see later that very important, new 
systems have been develop'd out of this. Although so well 
known before, DBafton and .Sanceau (B. I’s. 14766 and 14768, 
of 1894) patent the old system of pottery towers pacted with 
perforated short cylinders, and’ perforated discs lain noon 
these, or tiles perforated in various ways, for the coilfCnsation 
of hydrochloric and nitric acid. Precisely the same thing is 
mention*! in the first edition this work, and again in the 
second edition, loc. at. ' 

Barbier (B. P. 14014. of 1894) describes a special packing 
for condensingetowers, consisting of inverted cells with perforate^ 
ends, of cylindrical or truncated cone shapej a vertical central 
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cooling-shaft supplies cold air. The perfected ends of the cells 
are made concave to retain any solid particles carried over. 

Claus (B. t\ 4108, of 1882) proposed to employ instead 
of coke a spongy, porous, but acid-proof material, prepared by 
combining silica in the shape of*ganister or kiesclj'phr with a 
silicate containing more, than one base. Tho*.mam objection 



Fig. 104 Fig. 10;. 



Fig. 106. 

’to* t^his proposal is that the material is more costly and lists 
little better than good coke. 

O 

Cover and Distributing Apparatus for the Water. 

1 * t 

^fc.,4,jftcr putting in the packing it is time to put on the cover 
of the totter. It consists of one or two stone flags, 3 in. thick, 
in which a number of holes (say sixty-four for the large 
condenser and nine for the.post-condenser) are made, taper¬ 
ing below and serving for the water,lutes, Figs. 104 and lOf; 
the joints are made good with red lead. Fig. 106 shows this. 
.The wjjjer-lutes consist of two parts—te cup wi/h a J-in. short 
open tube in the cfntrp, and lo^se cbver over this. The whole 
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top is surrounded 1 by a stone edge 8 to 12 in. high, and the 
wooden oscillating bucket (see Fig. 104) fixed u^on it. When 
this has poured its contents over one-half of the lutes, they 
will De filled with water, of which all that stands above the 
small ceni^t! tube runs off directly. The nicks of the small 
covers allow thwater t,o run in without letting out any gas, as 
there is still a shallow wager-lute left.. This periodical running 
over is very efficient for drenching the cuke uniformly. As soqji 
as the other half of the oscillating trough is filled, it turns over 

again and drenches the other half tif the lutes. 

* . * 

This arrangement of oscillating" trough and water-lutes is 

very much to be recommended, much nn*re than simple holes 
in the top covers, which easily allow gas to get out. A simpler 
plan is to place in the hole a short bit of rope with a 
knot at the upper end. Sometimes the water is run into the ■ 
condenser by a single swan-necked pipe, on to a spiashing- 
plate 2 or 3 ft. below, but this does not act anything like so 
perfectly as the arrangement described above. . 

It is hardly necessary to say that instead of the simple 
oscillating trough (which is found even now at some large 
factories), more complicated and efficient feeding-arrangements 
can be employed, such as reaction wheels or preferably 
immovable overflow-arrangements. These ^irc described with 
all details in Sulphuric Acid, to whi^h we must refer the 
reader. 

Raulin (special communication) has invented a distributing- 
apparatus which is worthy of attention, especially in cases 
w'hjre intermittent feeding is preferred. The following gi^es. 
an idea of fiis system in a practicable shape:—Fig. 107 shows 
at A a small vessel, with a narrow siphon, b , which fills even 
with a very slightTeed from tap a, and discharges the contents 
of A at regular intervals jnto vessel B. This vessel .having 
been filled (if the difference in the width of pipes be 
great), siphon c will begin to run, of course at grcater”*tervals 
than A This operation can be made more exact by making 
the outei* limb, narrower than* the inner, as shown in the 
figure. The same principle is continued by further vessels and 
siphons, with increasing quantity and decreasing frequency of 
play of the siphons. According to Raulin, the following jg 
a suitable graduation:—The.^itlct of (J»e jiphon in the first 
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vessel A ought to be o-i6 in.; the siphon in the second vessel, 
B, should be at least io in. long and have an outlet of at most 
0-4 in. wide ; tHht in the third vessel, 16 in. long and at most 
0-8 m. in width of outlet; in the fourth vessel, 2 ft hm/and 
12 L a Width . of 0UtlKt : in ^ Aft* vessel, 3 ft. 3 intone and 





■6 in. width of outlet; in the sixth vessel, 4 ft. long ,md 2 in. 
idth of outlet. Usually two or tffrcc vessels will suffice ' About 
n , inch below thc outlet, d, of the last],vessel there is fixed a 
orizontal disk e, three times as wide as the outlet; by this the 
ater is made to splash about in a dotfie-shaped. form. Thc 
lameter of this dome must corrgjpoi/d to the width of thc 

U 
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tower D, and we tan calculate for the radius R the necessary 
height H of the vessel C, with a siphon of length / and width d, 
by tl^e following formula:— 



The height'ot e above the surfach of the coke in D must be 
found by experiment; it nwst never "be more than $H. If the 
pressure on the siphon be lessened, the liquid dome contracts, 
so that finally the whole surface of the coke is moistened in a 
very*uniform way and at regular intervals of time. 

Schuller 1 modifies the apparatus of Raulin in«a very judicious 
way. He divides the inner limb of the siphons into two 
branches, one of which dips into an open cup: by means of 
this arrangement the siphon empties itself completely at every 
run, and no frothy mixture of air and water is formed. The 
■* inside diameter of the siphons is best = 1 in. The dimensions 
of the various vessels arc planned so that for a certain setting 
of the tap they are all filled at the same time, eg., m eighty 
seconds; this can be altered at will by a different setting of the 
tap, and the quantity of water is easily measured in the same 
way. Schuller prefers as dividing-apparatus the acid-wheel 
with a glass bulb floating on concentrated sulphuric acid, and 
a bell announcing every revolution, to* the fixed overflow 
apparatus and splash-plates. 8 

Kliite & Ising (Ger. 1 ’. 209276) describe an apparatus for 
the automatic and uniform feeding of absorbing- and reaction- 
towers, consisting of several running-off pipes, arranged in the 
casing of*the float, each of them provided with a valvf, 56 
that in the case of changes in the feeding-liquid one or more 
of them are entirely shi^t or opened, thus preventing any 
changes of the feed by the fortuitous stopping-up of the 
cxit'pqtc. * * 

Running-off the Condensed Acid. 

The condensed strong acid' runs off through a 1 1 in. carthen- 
ware cock just above tl\c bottom of the condenser, and is carried 
to the stock-cisterns, which should hold twenty-four hours’ 
make. The-weak acid from the post-condenser is either run 
1 /. akgnt % £kem., 1 ( 195 , P-J73- 
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away, or used for some special purpose or pumped back for 
use in the strong-acid condensers. 

Coke-towers combined with Tanks. 

•The connection between the tower.and tljg tanks may, for 
instance, be made in the wav shown in.Fig. 108 (from Schrader '). 

A is the foundation, li the lowcfr part of the tower; r r, the 
grates; C, space for the ga* and the liquid acid, which tuns off 
through i into the tank b. a glass or earthenware over¬ 
flow from I) inf E. The acid vapours, of course, take the 



Fig. 108. 


Opposite direction—from E through a into D, and through a 
into C. 

„ .Figs, 109 and 110 give an example of coke-towers of a 
la -g»r works. They represent the pan-condensers at the Tyne 
Chemical \Y orks, Gateshead, from the first Report on the 
Alkali Act. I he section, Fig. 1 ccf shows only one condenser, 
but for the sake of greater, stability six, for as many, pans, 
■d rr buflt together, in two rows of three each, as shown in the 
elcvatidfcf Fig. 110. In Fig. 109 a is the dccomposing-pan, 
working up loi, cwt. per hour, or about n to!). 1,6 cwt. in 
twenty-four hours; b is the string of .fireclay pipes; d d is thg, 
coke-tower itself, 5 x 5 ft. wide inside. • The height of the base is 
ft.; that of the stone condenser itself, 100 ft.; that of the 
Vift^r-jistern house, ! 3 ft.; and the pipe k for the escaping gas 
i Dingt. polyt. fa * 1 m., p. 183. 
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projects 3 ft. above the roof of this house. The column of coke 
is divided inU> three parts bv the brick arches e e, to prevent 
the lower strata from being crushed by the weight of tlV upper 
ones: for towers of less height these arches are ny required. 
i ip the cxif for the non-condeilsed gases through^he pipe k\ 
l, a water-cistern ; //, the hscillating trough ; » o, a stage on the 
roof of the cistern-house Tor getting to the pipe /*. 

In Fig. no, A II C pfo three of the condensers, D the 
foundation with the concrete basement E, resting upon the piles 
F; a a the mouths of thg gas entrance-pipes, b b the sfays of 
thp timber frwic, c the'stairs, G G the cistern-house, e e the 
escape pipes for the fas. 

F’ig. 111 shows condensers for open roosters , packed with 
bricks, as formerly working at Messrs J. Hutchinson & Co.’s 
Alkali Works, Widncs, but now discontinued. 


Earthenwa re Coke-towers. 

For smaller works the best kind of condensers arc those 
constructed of large earthenware pipes, combined with bottle¬ 
shaped receivers or stone cisterns. The pipes are made either 
of the same stoneware as the best receivers, or of fireclay, 
and in the latter ease boiled in tar. Their joints are made 
with tar and china-clay The bottom pipe stands cither on a 
stone cistern or on a solid stone plate, in which a groove for 
that pipe has been cut. This groove is gently heated by a 
fire of shavings; the pipe is put on, leaving below it a space 
-ofabout J in., small bits of slate having been put ip; the jdint 
is filled with melted asphalt; the cement is pressed in smoothly 
by means of a hot flat-iron; and, lastly, for greater safety, it is 
walled round with a ring of firebricks set in tar. In order not 
to allow any acid whatever to.get ttf the joint, it is best tp dish 
F'lftom stone, and to drill a hole from the lowest'point 
in a donwards slanting direction; into the hole^ thus formed 
an earthenware pipe for the liquid acid is introduced. The 
remaining large earthenware* pipes are easily »put on. Tt\&-' 
joints are ajl made with tar and china-clay. At least each 
third or fourth pipe should be supported from thg timber frame 
bp~mcar& of beams placed underneath its soclfet so that the 
bottom pipes need n n t support the*weight of the whole column. 
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Since a single pipe tower, filled with Coke, even of the 
largest practicable diameter (say 3 ft.), is unable to condense 
the gas from a pan working on the large scale, sevcraL such 
towers should be combined and the gas divided airmpg them 
by ^branch pipes. This is done iti the simplest way l^^onvcying 
the gas first into a loug stone tank, ,placcd*jn front of the 
condensers, from which .is many branches depart as there are 
pipe towers. The same cistcjn serves for collecting the acid and 
getting up its strength. Special earthenware vessels for dividing 
the gas may be provided, instead of the above arrangement. 

Earthenware eoiidcnsptli aie very well adapted for the gas 
from pans amPfrom.blind roasters, but there is some risk in 
employing them for open roasters, since the pipes arc subject 
to cracking by too much heat. If this happens, one or two 
iron hoops are laid round the cracked pipe, consisting of two 
halves joined by screw-bolts, As these, if left unprotected, 
would soon be eaten through by acid oozing out, the)’ are lapped* 
,round with tarred spun yarn and the whole thickly coated with 
tar; moreover, they are kept off the leaking place by wooden 
wedges. Coating the hoops with lead is also a good plan. 

According to Lunge’s experience such towers need only 
have two-thirds the area of stone condensers—no doubt partly 
on account of the ijuch better cooling arising from the thinner 
walls and the greatly increased surface, and partly on account 
of the better division of the water on the much smalle. area 
of each single pipe. 

Sometimes, instead of earthenware coke-towers, apparatus 
■similar to that shown in the first edition of this book, Vol* I., 
p 3^8, Fig. 160, for absorbing the nitrous gas in the manufacture 
of sulphuric acid, are employed. In this case, within a column 
of earthenware pipes shelves of fhe same Tnaterial arc fixed, 
so that the water supplied the |op runs down very slowly, 
jl'hiist^the gaseous current ascends in serpentine windings. 
But tRfc^does not afford anything like so good a contact 
between gas and water as coke-towers, and rti" advantage 
claimed for this system, that, fhe draught is ky>s impeded bv 
it than by coke-towers, is rather V> be considered a fault 
(c/ p. 288). ' * 

- ..B azlchurst (B. P. 4233 . of 1879) describes earthenware pipes 
filled with coke, 17 in. wide, igje ufoich the gas is forced by 
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injectors made of Yorkshire flag, and condensed by water 
been^reat tCnt ^ bCC ' 1 Comp!etcd ’ its succ “ s cannot have 

. \ ' A ussig Coydensing-plant. 

A number ,«>f medium and smaller alkali-works have 
adopted the set of hydrochloric acid condensing-apparatus 
introduced by Mr Schaffner at Jhc Aussig chemical works 
w lere t e earthenware itself is also manufactured. Figs 112 
° * 5 represent this system. At Aussig blind roasters are 
employed,h ,na k,ng in twenty-four-hours twdve batcS Tf 

that tr 1CnSi r |),>araU,S f ° r thc Ws is separate from 
at for the roaster-gas, especially i„ order to obtain hydro 

one acd pretty free from sulphuric acid. Much more 
• :J hUnC ac ' <1 ,s l ,rcsc,,t ‘ho roaster-gas than in the p.-n- 
h f avc lf j ‘s presence docs „„ harm such a 

-cparation of condensmg-plant is unnecessary 

i he gas from the pan, being less hot, travels through a flue 
made of fireclay pipes to the small tower A, Fig n, T he 
hotter roaster-gas ,s taken first through a flue made of tarred 
icks, then through fireclay pipes into thc small touer II The 
l "° ‘ ou ers A and 11, built exactly ,|,F ( . , ' 

The sulphuric acid, having more affinity for water fa Jw 
cut,rely retained'Fere, and. nearly pure HC 1 pasres nt^the 
projier coudensing-apparatps. This consists, for Zh l „ 

drawinr ° l 3 , rC ^ eivcrs ' " hosc ar ™ngement is shown»in the 
raw mgs. I he first double series of receivers a iswrovided 

r ' I12 > «* ‘he better cooling 

of thc gases; m the second dottle row (A, Fig. 1,3) these lonf 

TJtpcs are not required, from the receivers the gases Zs into 

Ll^ Thr M C w!. OWCr U,lderncath a grafiflg Se the 

as above th ^ ' >Cr ,S ' 'birds filled with earthenware dishes 
ab °' C > thc u PP erm ° i >t e 'third contains coke. On tlTuSkV 
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frame of this tower a water-cistern (R, Fig. *i 5) is placed, from 
which the water issued by means of a turbine distributor, 
moved by the* falling water itself and spreading it all ovyr the 
tower. From each tower a pipe carries thq rcsidi^i gases 



Pig. 116. 


downwards, and both systems (for the pan and the roaster) 
ultimately unite in the large* receiver I\ Fi& 113,' f r om this 
a pipe descends into a flue leading * # to the chfmney. 

L in order Wj observe and examine the exit-gas continually, 
» system is provided with a “sight,” closed by glass panes, 
(visible in Fig. 114 at i l. In thesq at*the same time the draught 
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can be regulated by putting more or fever plugs into the 
grating with round holes, lying in the sight. 

The acid issues fron. the tower 12" Tw. strong, runs through 
all the receivers, and arrives in the first receiver- tjd Tw. 
strong. The acid condensing in^thc small towers A* B is run 
ofl* separately by stoneware cocks. In ordar til check the 
process, glass cylinders. are intt^rppsed iif severa' places, 
through which the acid runs, and in which hydrometers 
show the percentage of lit!. 

Fig. 116 shows one of the powers in sectional eicvation. The 
distributing-wheefemptier tts contents of wafer through a intv 
th# outer, through b i^to the inner compartments of the cover; 
c are glass tubes cemented in; /, the pij>c for running off the 
acid ; g, the gas exit-pipe. 

Fig. 117 gives the details of the small preliminary tower. 
w .is the injecting-pipc, coming from the water-main, F the 
entrance-pipe of the gas. * 

The principle represented by the "preliminary tower" 
(already fully described and illustrated in the first edition of 
this book) has also formed the substance of a patent by 
Hargreaves and Robinson, No. 5809, of 1882. Between the 
place where the\vdrochloric acid is formed and the condenser 
they interpose a “pjinlcr," kept at such a temperature that only 
the vapours of ferric chjoride and sulphuric acid arc condensed, 
with but very little hydrochloric acid. 

The Deutsche Solvaywcrkc (Ger. P. 16337 ij cool the K ascs 
by means of a flush tower, passing the hot liquid which runs out 
„at ,the bottom through a cooling worm and employing it over 
again for feeding the tower. • 

Wooden Coke-towers. 

Sujh towers are employed at some French wprks a/ post- 
* condafteas. They arc cylindrical in form, composed of 2 in. or 
3 in. pitch-pine planks, and are held together by, screw hoops, 
which are kept away from the Wood by laths, sp that* my acid 
oozing out does not get to the iron. ‘ # That the ‘woodwork a*id 
iron should’be protected by frequent painting with best tar- 
varnish is a matter of course. Covering the hoops with lead is 
still better! Even tanks for weak h>idrochloric acid have been 
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made on this principle, illustrated by Fig n8 Some , 
however, have had had ■ ' . , 118, borne works, 

- *— — 
vi h r u!e h d k *+ 



to woqden Jiuvcr.s, and enables ♦ 

of any kind without the aid of skill. d° Construct c,rcu lar ressels, 
will be clearly seen from Fi" s , The ^fftetion 

should txr staggered and not id V ‘f 0, thou £ h th e bosses 
Ft cylindrical. JXCVt * V" « the drawing. 

bosses should be used on opnosite ' / ' ' ameter - two tightening 
stecl -d of, tt, , Ordinary 

number of hoops) is threaded at Cu 11 I "*?? 1 *?' and ^ 
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By tightening up nuts on the threaded ends, great pressure can 
be applied to the wooden staves and a watertight construction 
is readily obtained. 


Sice of Coke-lowers. 

» 

According to the late dir Angus Smith a cyrtd eiiser of 50 ft. 
height and 5 ft. sq. suffices for the g»s given off by dc< oinnosing 
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5 tons of salt in twenty-four hours, if the supply of water is 
jrroperlg- regulated. This refers to olind roastyi&^JlsJ'mith 
even TSfctas two such condensers of equal size for the pan 
and roaster, but this is doubtless not absolutely necessary. It 
may be safely asserted that for. two pans, if alternately worked 
with regularity, a condenser of 6 by C section, and 50 ft. high 
is quite sufficient, especially if the; gas previously passes through 
two or three acid-tank c , even if the tw«f pans decompose up to 
20 tons of salt in twenty-four hours.. In case of need, even much 
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less cotvlcnsing-spacc has been found to suffice; but then there 
is great danger of an escape of acid vapour at the slightest care¬ 
lessness; and in any case the quantity of strong* acid obtained 
is much smaller than it ought to be. It is, no doubt, preferable 
to make file tower Go or 6$^.'high, because then more and 
stronger aciF, is«got. Some works cvcji have them too ft. high, 



Fic. no. 


but this is inconvenient a^id unnecessary, at any rate if acid- 
cistcrlis. a jc c inuloved. At on* works possessing sur^i high 
condensers, it was preferred in a new erection toobilltu two 
towers of 50 ft each, the gas passing from the top of the first to 
the bottom of the second, and (fqj of the top of this into the air. 
Ail this refers t'o store condensers ; earthenware coke-condensers 
oill)’ require two-thirds of the sectional area, but thfc same height 
(p. 309), 

Chandelon gives th» fallowing details for Belgian fac- 

t ** • ’ 
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tories, relating to the year 1871 and i<> 4x1ns and roasters 
together:— 


; 


Cubic opacity of tin* cooling • 
apparatus for each lop kg 
Baft dwompoard in 24 iiours 


Cubic capacity of tty* 
ctmil* uhtb ^icinschrs 


m } 

t. ! 

Cubitfcmi-trw. 1 . 

('ubi«#uielr«*H 

0 -J 7 S 

to 1-4X0 

•4tw to 

3-400 

n. 

o-s 3 » 

* 1*001 # ,• 

■373 

in. | 


• 3 3S0 to 4.720 



IV. 

0-826 

„ f-ooo 1 

770 „ 

2 -iXo 


Condensers Jor the g«s* from open roasters. if strong acid Is 
to be got from them, should be as high as, but wider than, 
pan-condensers; if only weak acid is aimed at, they are usually 
made much lower (20 to 30 ft. high), but of so much the larger 
area. Frequently they are made of bricks (ef. p. 298), but 
batter of stones—the gas being previously cooled, lest the 
stones should crack. Where furnace-gas has to be condensed 
.by an excess of water, Dr Smith states that a condensing-spacc 
of 4 cub. ft. for each cwt of salt decomposed per diem is 
sufficient, and this is found true in practice 

The dimcn$tyiis of stone coke-towers at English alkali-works 
are best illustrated Jjy the following table, taken from the 
Alkali Inspectors ileport for 1884, p. 82, referring *0 the towers 
then existing at the various works at Widnes. Apart from the 
condensing-spacc, we also find the average escape of 11 Cl .stated 
for each case. Only blind roasters are used there. 


Salt tlmmiiioiiwl 
• per week. 

ContcnlK of the 
tuWPFN. 

(loud* imiiig-Hpac- 

jkt toil of Halt 
l«-r »wk. 

A n ••rage wapr of 
im in t»if • 

• 

Tons. 

Cub ft 

<’tib ft. 

(JraiiiH j„-r rub. ft. 

315 

30,100 

* 95*5 # 

0,145 

605 

33,ooo 

54 5 

0.10 

370 

iH,ooo 

1 4 U. 

0.14 

2J5 

9,830 • 

43-3 

0*1 or 

#180 

6,000 

7 3*3 


'4»J» 

24,800 

6 2-0 

0.12 

46O 

13 , 800 * 

30-0 


260 

13,000 

30-0 

o-n 

470 

20,000 

* 42-5 

*0- 4 

150 

5,370 

S5-K 

• 016 0 

46O 

19,600 

jfi. 6 

008 

3M * • 

16,100 

. 5o-o 

0 

0-10 

4219. 

2c 4,620 

4<)1 

0 _ 

0122 


1 
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Much larger condensing-space was provided for some of the 
Mactear furnaces, but the HC 1 going away in the exit-gases 
was slightly more than the average mentioned 3 bove. 

The above ^report (p. 84) gives the following details re¬ 
specting a'particularly well-managed works:—The coke-towers 
are very cafcfuliy packed, tire size of the pieCes of coEfe 
decreasing from tW: bottom upwards in regular gradation. The 
top layer passes through a 1 -in. sieve. Such a tower, holding 
2050 cub. ft., condenses, without a .post-condenser, all the gas 
of a saltcake-furnace decomposing 55 tons of salt per week, 
tljc gas being first cooled down ttijte" by*300 ft. of pipes. 
Three of the eleven saltcake-furnaces pyssess* a condensirlg- 
space of 37 cub. ft. per ton of salt per week. The other eight 
furnaces, which are worked for the Deacon chlorine process, 
require much more condensing-space. The pan-gas of these 
eight furnaces, equal to 293 tons of sah per week, 1 goes ir^o 
the Deacon “ decomposer," where half of the IIC 1 is converted 
into free chlorine. For washing out the undecomposcd HC 1 
from the chlorine, each pan possesses a tower of about 2000' 
cub. ft., corresponding to 109 cub. ft condensing-space per ton 
of salt per week. For the eight blind roasters, belonging to 
this set and corresponding to 147 tons of salt^six towers are 
provided with a total capacity of I 0 , 900 *cub. ft., or 74 cub. ft. 
per ton of salt per week. The average condensing-space for 
all processes is 70 cub. ft. per ton of salt per week. 

It is also stated in that report (p. 78) that of two works 

where the old saltcake process exists alongside of the 
Hargreaves process, one possesses only 37 cub. ft condensing- 
space for tin: former against 72 for the latter; the other 

works has 41 cub. it. for the former and 49 for the latter 

(all of it per ton 4>f salt irr week). Hence at the second 
works there is very little jlilfcrencc in this respect between 
the tw b_nrycejj j ies ^ 

. Other Condensing Methods. 

In spitt! of the excellent resulfs,obtaincd in the condensation 
of Hydrochloric acid by tfy* coke-tower, first introduced for this 

1 The calculation is made in such way that two-thirds ofthe salt charged 
are allowed in this.placc as decomposed in the pans, the remaining third, 
later on as decomposed in the rtastjr. 

. ' f 



PLATE-COLUMNS 


321 


purpose in 1836 by Gossage, and in spite of tj?e fact that we can 
hardly conceive how the alkali industry could have reached 
its present eifbrmous development without that apparatus, we 
cannot concede that it satisfies all requirements, from the 
outset wc must acknowledge tnc drawbacks of its gre.1t expense, 
of*thc difficulty of always obtaining the proper material, and 
frequently also that of preparing a proper fotimlation for such 
•colossal towers. Dr Angus Smitfi, "assuredly one 1 ho lias a 
right to be heard in this ipatter, says, in the Fourteenth and 
Fifteenth Reports on the Alkali Acts, p. n 5 " I have a great 

dislike to the grc.H .owers > thry arc certainly capiable of holding 
‘ a (t r <-’at deal ol*wntcj and of acid, and to a certain extent of 
storing up condensing force, so to speak. This is their value, 
but they unfortunately store up heat, so that cooling is slow, 
whilst the surface from which the evaporation comes is large. 
If yhe condensers could be kept quite free from porosity, 
the latter objection would lose its weight.” • 

We shall now describe some inventions which have been 
fnade to replace the large coke-towers by smaller condensing- 
apparatus. 

V' lute-columns\ (I.nnpe Towers). 

The apparatus nefiring this name, which is intended to 
combine the functions of a coke-tower and those of a large 
number of preliminary receivers in a very small space, was 
invented by Lunge, and is therefore frequent!) styled “ Lunge 
tower” (B. 1’s. 10355, of 1886; 10037, <>f 1886; 6989, of 1889). 
Its principle is that an absolutely uniform division, both of the 
gas’and the liquid, is attained by the peculiar construction of lift 
"plates,” with a large number of shallow basins, formed by a 
network of ledges, all of them perforated by holes provided 
with a small margin, these basins nd holes being in different 
places in the alternate plateS; mofcover, by the continuous 
shock*/>f jhc gases against solid surfaces tb- C'ondensati.ai of 
the acid present in the Shape of a fog, otherwise not at all 
easily condensed to real drops, is greatly promised. These 
advantages enable us to pertorm with very small apparatus 
an amount of \vorh for which otherwise large coke-towers or 
very many ea.thenware receivers are require' 1 We must, 
however, bear in , find that, precisely Ijecause the condensation 

■* x 



322 ABSORPTION OF HYDROCHLO&IC ACID* 

' % ■ 

takes place in a sery small space, the heat evolved is corre¬ 
spondingly intense, and that the gases must consequently be 
, cooled as much as possible before entering the condensers. If 
this is properly done, experience has shown that the plate- 
column apparatus produces botli a complete condensation and 
an cxcellent'yiykl of strong acid (32” .to 36° Tw. Occording"to 
the season), of ctfhrse on, tfce supposjtion that the column of 
acid is made to meet the current of gas in a few earthenware 
or stone receivers. , 

hjgs. 121 and 122 show on a s^alc of 1 :50 the ground-plan 
and side view of a plate-column scyndenset as supplied by 
the Deutsche Ton- und Steinzeugwcrkp, of*Charlottcnburg, 
Berlin (successors of Ludwig Rohrmann). The plant here 
shown serves for condensing the acid from the decomposition 
of 5 tons of salt per twenty-four hours. For heavier work, say 
8 or 10 tons of salt per twenty-four hours, the cooling-pipes ^nd 
Earthenware receivers must be made in two parallel rows, and 
the plate-columns must be made of greater width, as we shall 
sec below. • 

The pipe-conduits a and a convey the gases from the pan 
and roaster; the conduit from the roaster may also be made of 
stone, as shown p. 260, and this is to be especiAily recommended 
for heavy work, i hese pipes lead to small empty stone towers, 
A A , and then to the wash-towers If If’, made of stoneware 
cylinders, which arc either left empty or packed with broken 
stoneware, etc. The wash-towers are fed with just enough 
water to completely saturate the gases with steam, which 
aroduces a corresponding cooling effect, and to condense as 
much as possible of the sulphuric acid carried away from 
the saltcakc-furnace. The temperature in A A' remains so 
high that hardly aay HC 1 is condensed if the feed is properly 
regulated, whilst most of fhe sulphuric acid is condensed and 
runs auuqiaLJJic bottom. 1 hesfc towers may also be fed with 
any dilute washings. 

If it is not necessary to make specially pure acid, the pan- 
condensation may be simplified ,bv omitting one of the towers 
A B, for instance the ^’one-tower A, in which case B serves 
both for cooling and washing. But for the roaster -condensation 
it is advisable to retain*both towers. Here the hot gases should 
be decidedly cooled befsrc entering the earthenware tower B 
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(which might otherwise crack), and should be completely 
saturated with steam, which at the same time produces a good 
cooling effect by the evaporation of liquid water (if. pp. 240 
and 241). j 

Now follow the strings of cooling-pipes, b b'. 'the figure 
shows a length of about. 80 ft. of these, whictg is’ produced by 
carrying the pipes up and down,at an aifgle of 65 degrees, 
the trestles carrving the pipes being arranged as ladder:;. This 
arrangement will, of couise, be modified' according to local 
circumstances. Where therg is not enough horizontal space 
the pipes ma^lie cargidd perpendicularly up and down, fcs 
sRown in Fig. 135.(p. 334); on the other hand, where the 
condensers are at a greater distance, the cooling-pipes are 
carried in a straight row. Even then they must not be laid 
horizontally, but with a little fall towards the first receivers 
C.C'. From the lowest points of the cooling-pipes b b' the 
condensed acid must be continually run away by a swan-ncclt 
pipe or similar contrivance. 

For less intensive work, up to 5 tons of salt per twenty-four 
hours, a single string of pipes of 8 or 9 in. width is sufficient. 
For heavy work, up to 10 tons per diem, we must either 
take wider pipe? (12 in.), or two rows of the narrower pipes. 
The latter is rathgr more expensive, but is preferable, both on 
iccount of the superioj cooling effect and because it is not easy 
:o make good round bends of large width, whilst angular bends 
ire objectionable on account of the draught. 

Now comes a series of six stoneware receivers, C C', of the 
ordinary shape, as shown Fig. 88, p. 272, with an overflew 
rom the bottom of each bottle to the middle par< of the pre- 
*ding bottle. The acid coming from the plate-columns E E’ " 
•uns through the bottles in an opposite direztion to the went 
of the gas, and runs out of the first bottle full strength. Since 
here qjuch HC 1 is condensed from the gases, and much feat is “ 
thu#*hberated, the connecting-pipes c d are .carried up high, and 
serve as cooling-pipes. For heavy work (above 5’tons salt per 
diem) we must either employ a double row of-such stoneware 
receivers, or else larger stone cisternu). “ 

. Now follows the plate-columns E E' themselves, one each 
for the pan and roaster. The pan certainly gives out twice as 
much HC 1 as the roaster, but thq roaJter-gas is so much more 
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dilute that here, as^ in all other parts of the condensing-plant, 
quite as much condensing-space is required for the roaster- 
gases, Experience has shown that a plate-colflmn of sixty 
plates, 2 ftt 2 it^ wide, is sufficient for the pan, and another 
such column for the roaster, up to a decomposition of 5 tons 
salt per dieirff _This means a column 1,6 ft, 6 in. high over a?i. 
Where more sal? is decomposed, wider columns must be 
employed. The largest plates now made (2 ft. 8 in. diameter) • 
will suffice up to 10 tons' of salt qpr day. The holes in the 
lower plates are made 7 mm., those in the top plates 6 mm. wide. 

• The feeding of the plate-columns is rtgulated in such 
manner that on the one hand nil the HC1 is*condensed, and 
on the other the acid comes out sufficiently strong. As a rule, 
if it issues from the columns at 25 to 28 Tw„ it will come 
up to 32' or 36° in the receivers C C” or cisterns. This will 
take place, together with complete condensation, if the plate- 
dblumns do not get hotter than 50" or Co' C, which is easily* 
attained with the cooling-plant described. In countries where 
in summer the columns become hotter than that, they may* 
be cooled from w ithout by running water over them, taking 
care to prevent cracking of the cylinders composing the shell 
by incautious work * 

The cylinders might, of course, crack even without such 
external water-coolmg, if the gases are not sufficiently cooled 
beforehand. In order to prevent an)- trouble on account of 
such cracking, each cylinder ought to be strengthened by two 
iron hoops, covered with lead or carefully tarred spun-yarn, 
q{ else they may be surrounded with copper-wire netting, 
afterwards covered with tar-asphalt, as proposed by "Mr 
Rohrmann. 

Behind the platp -columns we must have some contrivance 
for catching the acirl mechanically carried away by the draught 
• This can be done, for instance, By a 6-ft. column of coke put 
on the top of thc\'late-column itself But as this^soAai-hat 
interferes with the draught, owing to the small width of the 
column, tfc may employ a iar^ stoneware bottle, F F', placed 
ini*thc conduit’//' leadjhg from the columns to the chimney- 
flue. The " sight" g, which serves for sampling,the exit-gas, is 
best placed behind the last receiver (not in front of it, as shown 
in the figure). 
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Nahnscn (Ger. P. 63036) describes a fiyiTi of plate slightly 
differing frotp the above. 

Practical Results chained with Plate-towers .—Mr G. Lasche, 
manager of a large Gcrmamalkali-works (Blcssrs E_. Matthes & 
JVeber, of Duisburg), has mide a detailed report on the plate- 
towers erected there, of v^hich the following 
is an extract, together*with Dr »I unge’s 
comments. 

The saltcake furnace* at that works* 
decompose, per^ twenty-four hours, ten 
charges, together 4 tins' 5 cwt. rock-salt 
(= 30 tons per week), and one of them was 
provided with the following condcnsing- 
plant:—The pan-gas and muffle-gas pass 


separately through about 30 ft. of 16-ill 
pipes into an empty tower 10 to 13 ft. 
high and 3 ft. wide, in which a little 
impure acid (containing much sulphuric 
acid) is condensud; then into a similar 
tower, filled with col*e, but not fed with 
water or weak acid (which might be done, 
if required, for washing and cooling the 
gases); then through an empty earthen¬ 
ware receiver into six stoneware receivers, 

1 f a capacity of 66 galls, each, and at last ‘ * f 
(after having thus passed a cooling duct of 
a total length of about 130 ft.) ini* a “plate-tower," as shown in 
Fig. 123. This consists of nige cylinders, 3 ft. wide and 3 ft 3 in. 
high, # thc three lowest over the bottom cylinder containit g sixty 
"Lunge-R»hrmann plates; then follows an empty cylinder, 
then two cylinders, filled with coke (resting on rfh earthenware 
grating), and at last two empty cylinders. ,The piates*are 
supported by ring-bearers, shown in* Fig. 124, 2 in. high, and 
tightly ground upon one another; thg plates themselves have 
a diameter of 2 ft ? in. The fifteen bottom {'kites have holes 
12 mm. wide, tne next thirty-five {Slates holes of 7 mm., the 
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last ten plates hole.^ of 6 mm. The space between the outer 
shell and the inner cylinder, formed by the rings, is filled with 
pebbles. The cover of the tower is provided with an apparatus 
for sprcadirig the,water. The exit-pipe below leads to a “sight," 
serving at the same time as a, regulator for the draught, and 
then into a flue leading to the chimney. . 

A first attempt 1 to worlf without the six receivers was not 
successful, as might have been expected, the strength of the 
acid varying too mitch ; also its temperature varied between 
30° and 60° C. When the receivers had been set to work, the 
strength varied only between sp. gr. 6161 and 1-167 at I5°C., 
and it averaged 1164 at 15 C. (all specific gravities arts 
reduced to 15' C.). 

An arrangement had been made for taking samples of the 
acid coming down from the coke before reaching the top-plate. 
This acid, as a remarkable fact, showed at the pan-tower sp. g- 
from 1 • 108 to 1-158, average 1-133, an d at the muffle-tower 
1-067 to t-1 21, average 1-094. Of course it was impossible to 
imagine that a corresponding quantity of HC 1 could have 
escaped condensation on the plates, or that the 6 ft. coke could 
have condensed so much ; evidently very much liquid acid had 
been carried away mechanically from the small holes in the 
plates by the draught, and mechanically retained by the coke. 
The temperature of the gases entering the first receiver in 
the pan-set was 15“ to 55“, average 34”; in the muffle-set 15° to 
59°, average 42 0 C.; always highest towards the end of an 
operation ; on entering the plate-tower in the pan-set, 14° to 37 0 
(average 24°), in the muffle-set 16° to 38' (average 28”). The 
acid running from the first receiver in the pan-set showed sp. gr. 
M41 to 1170, average 1160, in the muffle-set 1-152 to 1-175, 
average 1163; between the ttnvcrs and the nearest receiver in 
the pan-set 1-136 to 1162, avrrage 1148; in the muffle-set M32 
‘10 1162', average 1145. During October 1893, 281 charges of 
8J cwt. rock-salt emh were made = 119 tons 8} cwt., which' 
yieidrti 218 tc*is 164 cwt hydrochloric acid of 1-162, or 183-2 
percent dh the rock-salt decomposed. (This is a yield not 
attained by any other condensing-plant; cf. Chap. IX., where the 
figure stated for plate-towers refers to the present case.) The 
temperature oft^e exit-gases was 30° to 40°. Mr Lasche also 
ascertained their acidity, bfct a# he tested only for total acidity, 

! - * 
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without deducting SO, and S 0 3 , fiis figures cannot be com¬ 
pared with the English Alkali Inspector^’ tests. Anyhow, 
such isolated \ests, in which so much depends upon the manner 
of collecting the samples, ere. arc not to be considered against 
the fact that by these plate-towers more acid was'eondensed, 
arid therefore less acid must hive escaped than in any other 
known case. .* , 

After thus proving, by a prolonged practical te t, that the 
system, as first erected, g;;\e absolutely satisfactory results, the 
owner of the works tried some further experiments. Upon 
removing the coK<- the yiedd fell to 169*6 per cent, acid of I-IJ 7 , 
w 4 rich is still ^>ctt<y than many works obtained. The best 
results were obtained by regulating the draught in the sights 
so that the anemometer in the exit-pipe showed an inward 
pressure of 6 mm. of water. 

, It was now attempted to replace the coke by adding to the 
sixty plates already present three plates with 5-mm. holes ; but 
this had to be abandoned, because the draught was too much 
' interfered with. Instead of these, eleven plates with 7-mm. holes 
were inserted, which caused an increase of the draught in the 
exit-pipe to 12 mm. water-pressure in the anemometer on the 
pan side, and ifmm. on the muffle side. The yield now rose to 
177.7 per cent, acid of 1160 (1144 to 1-161 from the pan, 1-150 
to 1-164 from the muffle). Although this is decidedly a good 
yield, it is inferior to that obtained with the 6-ft. coke column, 
as was also proved by the greater acidity of Uc exit-gases ; and 
it was therefore decided for the present to retain the small coke 
column on the top of the plates. Mr Lasche points out that 
probably everything needful would have been obViined without 
the coke, if in lieu of the fifteen plates with 12-mm. holes, plates 
with 7- or 6-mm holes had been employed, for the former kind 
of plates, the earthenware surface />f which is only very small, 
did oractically no condensing work at all, as evidenced by the 
•fdB. *that,thc tower remained quite cold yp to the place where 
the 7-mm. holes commence. We must also add that the inner 
cylinder, formed by the ring-bearers, and the stationary Jaycr 
of air between these and the outef shell mftst have greatly 
interfered with the radiation qf heat from the tower; this has 
.been avoided by a new design in v*iich the ,ing-bearers are 
entirely Abolished. • 
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The Duisburg experiments have absolutely established the 
success of the plate-tower system for hydrochioric-acid con¬ 
densation, and they have specially proved that Dr Lunge’s 
claim that'a plate-tower possesses ten to twenty times greater 
cundensing-power than an eqqal space of coke-tower, is per¬ 
fectly correct; .although -this lils been impugned by Hurter. 1 
liven if we compose in our calculation the inefficient lower 
fifteen plates with 12-mm. holes, the inner space of the plate- 
tower, so far as it contains plates, is only 2 ft. 4 in. wide and 
10 ft. high—that is, for both towers together just 74 cub. ft.—or, 
with a weekly decomposition of 30 tons salt, = 2-46 cub. ft. per 
ton per week. In well-conducted English..works, according to 
the Alkali Inspectors' Reports, the coke-tower space for con¬ 
densation averages 50 cub. ft. From this we should deduct, for 
the present comparison, the space occupied by the coke-column 
employed at Duisburg, amounting in all to 49-3 cub. ft., or 164 
cilb. ft. per ton per week, leaving 48-36 cub ft. of ordinary coke- 
tower space as equal in value to 2-46 cub. ft of plate-tower space. 
This is really about twenty tunes as much, notwithstanding that 
we have taken in the 12-mm. hole plates, and although the 
Duisburg toners suffer from the above-mentioned drawback of 
insufficient cooling by radiation. Nevertheless the yield of acid 
was better than with the most gigantic coke-towers, and the 
variations of strength no greater than uit,h these. 

Dr I.unge also recommends the employment of the 6-ft. 
coke column in addition to the plate-tower, as it costs next to 
nothing, and is very useful in effecting a better spreading of the 
winter and in retaining the liquid acid mechanically carried away, 
and in keeping a certain stock of fresh water for washing out 
the last traces of HC 1 . 

The were design eg' a/indtrs for plate-towers , which entirely 
does away with the annular bearers, is shown in Fig. 125. 
•The cylinders are provided with four small lugs, a a, for ( each 
plate. The plates arveut out in corresponding placer, so Wat 
the)- can be let down into their proper position, whereupon 
they,are tufned a little sidew ays '.-a that they rest on the lugs. 
The* cut-out places, which would form false gas-channels, are 
then filled up with special wedge-shaped pieces «a 5 shown in 
Fig. 126. 

1 Cl./. Sec. there. Ind., 1893, p. 231. 
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Later on 1 Lasche reports further tri.iis with the Lungc- 
Rohrmann plate-towers, a little wider than those originally 
employed by him ( supra , p. 3^7), viz., 0 803 m., but otherwise 
constructed in the same way, viz, with annular bearers and 
quartz packing between these and the outside pipes, leach tower 



Fig. 115. 


r\ •./:] 

Fig. u6. 

possessed thirty plates with 7 mm. 1 tides, and thirty with Co inm. 
holes. The acid obtained averaged 201“ Bd. (= 32-5°IV.) at 
fs*t* Tke yield was 169.3 parts to too ro<jk-salt. By removing 
eight plates and putting on 6 ft. of coke, the yield*was increased 
to 183 or 184 parts of acid, i-asche ascribe s the ntessity of 
employing this layer of coke to the,strong draught required, 
but he believes that it would be unnecessary in the case of plus- 
pressure furnaces. 

1 anew. Ckem a i 895 > P- 3 7 + 
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Niedenfuhr 1 confirms f?om his own experience the excellent 
results obtained elslwhcre by Lasche with the Lunge-Rohrmann 
plate-towers in the condensation of hydrochloric acid, which 
in his case was rendered more than usually difficult by the 
employment of 'waste acid from 'the refining of petroleum for 
dccomposing«the salt, entailing a copipus evolutidn of sulphur 
dioxide. ' t 

Olga Niedenfuhr (Ger. P. 197022) describes a few modifies-' 
tions of the ordinary plate-tower, suph as cylinders for support¬ 
ing tlje plates, bevelling margins of these, etc. We cannot as 
yj't report on any practical success of (hese modifications. The 
same holds good of her Ger. P. 205^^, of 1905.' » 

Further Improvements of Hydrochloric-acid Condensers. 

Special Descriptions of Paching for the Towers. —For a long 
time attempts have been made to replace coke as a packing 
material for condensers by earthenware pipes, dishes, etc. 
Especially since the practical success obtained by the “ plate- 
columns" had proved that the hitherto generally accepted 
advantages of coke as a packing materia! (even later on 
strenuously defended by Dr Hurter) were certainly much less 
than assumed at that time, and were accompanied by essential 
drawbacks, numerous attempts have been made to attain the 
same result by other means. All these endeavours aim at 
replacing the irregular coke packing by uniformly shaped 
earthenware pieces, with equally uniform interstices. 

For a packing to have a high absorption efficiency, it must 
[fin vide:— . 

(<j) A large surface of contact between gas and liquid. 

(A) Constant relative motion at the interface of gas and 
liquid. ' 

(<■) An absence of any stagnant areas in either gas or 
liquid. t f -«. 

(<f) An qbsencc of any channels in the packed tower 
through which cither, gas or liquid can pass without 

* adequate contatt with'the other phase. 

The relative merits of }hc various packings depend on how 
well they answer the attove conditions, but in addition account 
1 Ckem . Zrit., 1896, p. 33. 
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must be taken of the resistance to crushing and chemical 
disintegration, also of the cost and the tow* space wasted by 
the bulk of the material 

Among the many forms of packing which have been de¬ 
scribed or patented, the following may be mentioned V- 
*Cups (Fig. 127), cones with 3 dished top (Fig. 128), pipes 
provided with internal partitions £Fig. 129], bills (Fig. 130), 
balls as patented by Guttntann, Ger. P. 91815 (Fig. 131; or by the 



Vereinighte Dampfziegtleien, Ger. P. 191890; plates according 
to Kypke, Ger. P. 97208, rhombohedra according to Schcrfenbcrg 

(Fig ' I32) - „ . , . 
. The packings shown in Figs. 130 to 133 are all bad, and 

only illustrate the common fallacy that a complicated desigfi 
indicates thought or special knowledge. Fig. 131 is amusing, 
even if misleading; it would be. interesting to know what 
causes the air-currents inside tlje balls. Other forms of 
packing are: Plates with douBle spiials (Plath & Hiller, Ger. P. 
jofet.?!), pipes arranged in a chamber (The^Baker and Aoamson 
Chemical Company, Ger. *P. 104544), porous artificial stone in 
the shape of cylinders or ernes, open at both «nds, with 
horizontal partitions (Wilisch, Ger. I' k 173612).* • 

The Ma)<or t Aldermen, and Citizens of the City of Bradford, 
together with Messrs Wild & Shepherd (B. P. 19001, of 1906), 
employ a tower, packed with layers «f strips of glass, arranged 
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Fig. 130? 



Fig. 131. 
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crosswise and placed on edge or in % slanting position. The 
ends of these strips fit into grooves of bnqks, built into the 
casing of the tbwer, and are supported in this way. The height 
of the strips is rather less than that of the bricks, so that a 
space remains between each tA o layers. « 

Guttmanii (B. P. 4407, of 1907) employs horizontal pieces 
of channel-shaped section,'‘as shown in Fig., provided with 
■holes for the passage trf the gas, 'and with shoulder-strips, 
enabling them to be built up as shown indhc figure. 

Petersen 1 (Fr. P. 382262) employs chambers filled > with 
prismatic bodies luving^a* cross-section in the shape of an /J, 



Pig. 133- 


Fic. 134. 


the inclined faces being covered with a network of giooves 
packed like chequer brickwork, with either their larger or 
smaller parallel faces uppermost. 

'The Charlottenburger Tonwerkc sell “artificial coke, maife 
of stoneware.” It has the outward appearance of gas-coke, and 
it is acid-resisting. 

Rabe 2 discusses these proposals anfl describes certain 
“angular bodies” for packing towers. , 

*»>K*>ssmaul (Ger. P. 194293) provides packing materials with 
a channel in the shape of a screw, which^compels the liqpid to 
travel over a long distance. A projection at the lqwcst point 
of the cup at the top causes fhe liquid to be equally distributed 
over the channel. 

1 j. Soc. Chtm. /nd. t 1907, p. 1 ijb. 

• * Z. Mgtw. C/um., 1903, p, 4y, and 1904,3). 7& 
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A cheap and useful form of ring packing can be obtained 
by using the common English field drain pipes. These are 
made in various diameters, the best for tower ’packing being 
3 in. or 4 in. They arc usually made 12 in. or 15 in. long, 
but by artangcbicnt with the rflakers can be made 4 in. and 
0 in long. *Though njuch cheaper tljcy are not*as strong as 
rings of carth?nv*ire and should onTy be used on small towers, 
say up to 15 ft. in height. * • <■ 

A good shape mf packing widely deserves special mention is 
that Ijnmvn as “ Propeller Tower Fillings ’’ (Fig. 134). These are 
ipadc by John Stathum•& Sons, V^iirdjjor Bridge, Manchester. 

• 

Cisterns provided with Spray-pnduccrs. 

Instead of simply filling the acid-cisterns with water, and 
thus acting upon the gas only by a condensing-surface equal 
to the horizontal area of the tank, Newall and Bowman (patent 
of 15th June 1874) have applied a principle long known for 



He., us. 

cooling and washing gases, viz., a very finely divided spray of 
water. The novelty of their prt^ess only consists in the way 
in which the sftray is produced. Fig. 135, together with the 
following description, will show Jhis more clearly,, 

The gases are introduced into stone cisterns 6 ft x 6 ft. and 
2 ft. high: here \he gas m#ets t a spray of water filling the whole 
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space of the trough in the shape of a fine mi«t, which washes the 
HC 1 out of the gas very quickly and complcjely, so that twelve 
such sprays «fre sufficient for four decomposing-furnaccs. In 
this operation the latent heat of the HC! vapour becomes free, 
and the temperature of the fas is very much raised thereby. 
Tlie gas rriflst therefore be intioduccd by a number of com¬ 
paratively small pipes, in^Order to j;et as rm ch'cooling-surface 
•-as possible, and the pipes must be betft upwards and u twnwards 
between each two tanks. Tlehind the last*tank a small coke 
condenser should be placed about one-quarter the size of an 
ordinary conden*i The. acid in thq cisterns gets up to f 
stsength of 33” Tv. 

The principal condition is the generation of a sufficiently 
fine mist, 1 which is obtained by allowing the water to run, 
under a pressure of nearly three atmospheres, through a 
plqtinum nozzle of iV-in. bore on to a small button of platinum 
fixed J in. below it, from which the jet is thrown back and a 
very fine spray of water is generated. Siitce the fine outlet of 
The nQzzlc is easily stopped up, the water should be filtered. Of 
course, instead of water, dilute acid may be used. The inventors 
expected that their tanks would not interfere with the draught 
to the same.extent as coke-towers, and that the process would 
therefore be applicable in many other cases—for instance, in 
washing copper and lend smoke, in the scrubbers of gas-works, 
etc. It has not, however, fulfilled the extremely high expecta¬ 
tions with which it was at first welcomed, 't has been tried 
in several places, but given up again. The main difficulty is 
thqt, in consequence of the very high pressure and the fine 
openings (both indispensable for producing a misp, the orifict 
of the nozzle is constantly getting stopped up, even if filtered 
water be used, which in itself is a very onerous condition. 
Recently the water-spray appara'^s have been very much 
improved, so that more succe* in this line is possible. » 
Mf-Wthir^ connection mention nay be made of Ilurter'. state¬ 
ment, 8 according to which the condensation by jiquid diyided 
into a spray is theoretically much less favourable than the 
other methods of condensation. Lu.ige showed that the basis 

1 Cf. the rfpriication of this principle to Sulphuric Acid chamber*. 
Sulphuric Acid volume. * 

« J. SocXhtm. 
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for this calculation is a very uncertain one. Hurter contradicted 
this, but without ,adducing sufficient proof for his opinion. 
(For various references, see p. 242.) It is true that the con¬ 
densation ,by spray has failed in various places, but in others 
it lias succeeded. Thus the official French Exhibition Report 
for 1889, Cla.^s 45, p “1, states.that at the Petit Qacvilly worRs 
the condensation |has been greatly* improved by means of 
a water-spray in a wash-tower Mjuiy modern works use^ 
sprays in combination with tlltiir scrubbing towers and 
particularly in the final tower. 

Most spray-produces have flic, disadvantage that, even 
when the nozzle is made of platinum! the orifice is gradutjly * 



enlarged by the friction of the water forced through, so that 
their function is modified. Nozzles of the well-known 
extremely hard alloy of 90 parts platinum with 10 parts 
iridium woufil undoubtedly do better, and glass is still better. 
Probably Korting’s spiral spray - producer, Fig. 136, has been 
found useful in pracgice. 

The Deutsche Ton- unif Steinecugwcrkc of Charlottcnburg 
supply tuyeres, shown in Fig. 137, made of stoneware, witlviP 
interchangeable cone, w hich greatly facilitates the cleaning, and 
which produces a mist entirely free from larger drops. 

\V. Feld (Grr. P. 188636) prolnotes the action of gases on 
liquids by raising the liquid by means of centrifugal force and 
atomising it in\ discs in r horizontal direction.’ In this manner 
it is projected tangentially «ith great velocity, whereas the gas 
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edge of the disc ancr is c 'T lled to 

Brandenburg (B. 1>. 71 ■<?, of ,907) produces, by means of 
centrifugal force, a ring of liquid through which* the gas 
mu s t penetrate. If water, ctt., enters a revolving 'cylindrical 
or conc-shaffcd vessel, centrifugal force makes * rise along 
the circumference, so th a f the botfom beeves free and the 
iiquid assumes the shape of a floating and revolving ring. 
If a second (stationary) cylindrical vessel i.f sus,>ended within 
the first, the annual space between this and the outer vessel 
is filled with thff revolving liquid. If a gas is introduced 
thamigh the bottonj qf the inner vessel, this penetrates' into the 
iquid ring, rises in this and takes part in the revolution 

Very similar to this is the B. P. 23330, of 1907, of Peat and 
nonin. 


, Korting Brothers (Gcr. P. 190625) extract soluble gases and 
vapours or dust particles from gases by aspirating these in the 
well-known manner by means of an absorbing-liquid, finely 
divided by a spray-jet. The liquid issuing from the spray- 
produccr is separated from the residual gas and is used over 
again in the purifier. 

Ephraim (Gei* P US3370) removes the mist from the gases 
by heating these uytil the mist has been nearly, but not entirely 
gasified. In this process the bigger drops remain behind and 
on the subsequent cooling the vapour is condensed on their 
surface to form still larger drops. Ostwald (Gcr. P. 195080) 
aims at improving this action by exposing the foggy mixture 
to alternate changes of pressure and temperature, preferably by 
me. ms of producing suitable sounds therein. By these changes 
of pressure the vapour tension of the droplets is changed. 
On the diminution of pressure tife smallest drops evaporate 
first; on raising the pressure thp biggest drops are most 
enlarged, so that the changes of pressure cause an enlargement- 
bigger drops at the expense of the smaller ones, and the 
mist is condensed. * * , 

Attention may also be dirgt-cd to the “ gas-filters, u descried 
on p. 404. 
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Sfesinl Forms of Acid-Condensers. 

bv ^^| aPPa ? tUS 'r StrUrtCd by Fryc#r - is described 
b> the Alkali Inspectors fourteenth and Fifteenth Report 

R " 4 ), and in the last editio?,, Vol. II., pp . 387, 388 P \Ve 
refer to that description, as 'the apparatus evidently did not 
ansivei its pur,awl, and wa%cliscontingcd after a short time 
I). Herman (I!. 1>. ,7255, of ,887) proposed condenser* 
consisting cntircly*i >f a large number of glass pipes, ,} in wide 

• fraim _ These pipes were to be filled uith pieces of glass and 
cooled outside by a current of air. From the flescription > it is * 
clear that no such apparatus was then in existence 

Another condensing-apparatus, also consisting of „l ass tubes 
: d f °. r ->• dilute hydrochloric add “such “fc£ 

ehlor no’ h T Var,OUS nlrtho(ls f<,r ‘he manufacture, of 
etc ' \ lx ' Cn ,P a >ente<I by A. R. IV-chiney & Co (li P 

whow sifcnl “ r Si8tS T ,Uia " y ° f a St ° nC towcr - trough 

a-M “st 11W a \'T T r of tl,b -' mclinecf 

Idtev !re at eb 1 *" ' ° f bc,,, « shut off 

with Cmls eennected by india-rubber joints 

ill Z/Z; 5 f 

.t; jrrx Zz r* 

;;t,, a l, 

««* 1 ». „ B :“ “ c ”” luct ‘ d i» "K- ,1,,,,,. 

..»»• Ti« pi,.,-* ,,,... „ 

Knc "'“S'.■: i ' fc ,b - ljx 

«cv£r n ***” •**% * «, 

'.h, ,L'“ S ,-" f '.** *-*■»« «.«- 

«1W rvith-rvatcr „„l ditaJ"d,?”itrr r"'” 
th(T descent of I, ,1 • ' 1 the manncr of a piston. On 

'J- stK - the »< 1 S 90 , p. I 47 . 
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Hannay (B. P. 16290, of 1886^ dcsctibes a condensing- 
apparatus on the following principlePerpendicular nets arc 
suspended in a trough through which water is constantly flowing 
and into which the bottoms of tin; nets dip. * 

# Wcidig and Rcnnney (ft. P 10,S’, of 1888)' construct 
absorbing-towers of a,numbci*of superposed*earthenware 
cylinders (Fig. 138), closed at . _ f 
"the bottom, open a: the toft, with 
an inner overflow, K, about fjnir- 
fifths way up, on alternate skips, I 
through which each cylinder 
communicates with that next 
below. Each cylinder also has 
an outer projection, F, open at 
the top, at the same height as 
tha overflows K. Two such 
towers are combined The gas 
descends in one and ascends 
til th» other, and on its nay £ 
gives up its MCI to the water 
standing in the cylinders. When 
the acid ha* got lip to strength 
in one of the towers, the gaseous 
current is reversed, sp> as to 
descend in the second and to 
ascend in the first tower. When 
the acid in both towers is up p 
to .strength, the troughs arc L 
emptied by siphons through 
the open projections P", and are 
recharged with water. [This * , 

apparatus might replace the ordinary*t< ncwarc Woulfc’s bottles, 
where economy of space is an object, but it will probably act ’ 
nBflhuch better than thcse.J t 

Doulton and Sauceau (B. Ps. 14766 and 14768, of 1X94) 
describe a tower built up of stoneware cylinders, packed with 
short cylinders perforated alternately hi the centre and at Ac 
sides, or tiles >ratcd in various ways, 

. The Baker and Ad. mson Chemical Co. (Ger. P. 104544) 
employ a number of^cyhnders, arcaigAl for catching the liquid 
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3t alternate ends; at one s’ide they communicate with a common 
gas-dividing chamber, at the opposite side with a rh* u ° f 
Which the residual gases can csc^ ^Se ^ ^ 

and an b, Tn (B ' ,P ' ° f ,9 ? 5) em P Io T s an ou ^ide tower 

these f C u 1Centr,C co , olin g-P i P e - The space between 

the.se is fittefl with a number* of cups, Cf also his R P 

of 1898, and Hart's U.S. f. <50,466. 1 ' 

Dcu^ehe T S COn '^ U c Cd " cooling-elements ” (supplied by thfc 
mav- 2 T f Ste 'n^ugwcrke. of Charlottenburg), which 
ma> be applied to an)’ kind 9 f condensers (also to plate- 
*o!jm p s)_; they arc provided with* separate water-pi^ and 
thus prevent any injurious rise of temperature* ? ^ * ’ 

Olga Nicdenfuhr (Gcr. P. ,95525) a j so provides thc 

S:i;r rs , c,>olin ?'P i P es . one end of which passes 
In nftsido " t0WCr ' a11 ° f them ^"6 connected with 

Sitet T lt A modification of this consists of 
k c pipe-elements, combined to long strings by means of 
connect,ng-arches and placed in cooling boxes 

promSlT 1 ^ , by P r S in which - circulated, is also 
pm,H,scd by K. Leblanc (hr. P. 4627,2, of ,9,3). 

factory cm,l StdCUt T hC Stcinzeu e werke the Euskirchen 
tacton employ condensers with undulated sides 1 

s “ i ” mnc b ™‘” * 

Empt^nt °f S >--vW Absorbents for Hydrochloric Act'd. 

A proposal made by Precht (Gcr l> • , . 

a=rr f 'v:"£ c ,,ci b '~~( n r,s 

composed .„d ,„ f "char” revivified Thi, 

pd siffers under the drawback that the SO, and SO of the 
f-rnace gases-must hav fi a very injurious action’oTthe char 

with a^r hi P tT CSS , rC T VinB HC1 ^ its mixture 
h air has been patented by Buisine (Fr. P. 222801). He 

ChciK'. y.qt., 19D7, pp, 9 1 2o2. 
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employs pyrites-cinders, moistened with water, which are said 
to very completely absorb the hydrochloric acid. According to 
the circumstaftces, either sijlid ferric chloride or a solution of 
the same is formed and is utilised at will • 

At the Uetikon chemical Tories near Zurich the last traces 
of*HCl froir? saltcake-fufnace g*ses are removed by passing 
them through finely divjdcd rnet.-Jlic tin, a#id*colk\ting the 
"Urinous chloride formed.* 

Carulla (B. P, 19920, of ,*909) proposes (he use of iron for 
the same purpose. Some or all of the receivers or towers are 
packed with scra^-iron or # mild steel, fersous chloride being thue 
formed and hydrogpn,evolvcd. The chloride is then converted, 
by precipitation, into iron oxide (f.g., as in li. P. 27302, of 1908; 
/. Chem. Soc., 1909, 112C), and, since very dilute solutions are 
preferable for this purpose, the absorption of the last traces of 
hydrochloric acid is rendered very easy by this process, the 
ferrous liquor plant being conveniently placed at the end of 
the system, and hydrochloric acid of high ’strength being pro¬ 
duced, if desired, in intermediate parts of the plant. 



dClMPTl*]^ LX 

MANUFACTUKK OF HYDROCHLORIC AClff BY OTHER THAN 
the ordinary methods 

A. From Sodium Chloride. 

It is a very natural question whether it would not be possible 
to decompose sodium chloride, without employing sulphuric 
acid, in such manner that, besides hydrochloric acid, a substance 
of greater value than sodium sulphate is produced. Many 
attempts have been iflade at decomposing sodium chloride by 
superheated steam, by silica, alumina, and many other substances, 
or by electrolysis; some of these proposals are better treated 
when speaking of the manufacture of alkali, and others in that 
of chlorin*. Here we shall merely mention proposals in which 
the hydrochloric acid is the principal product considered. 

Heating sodium chloride, mixed with clay, in a current of 
steam, according to Vorstcr and Grtineberg, produces sodium 
silicate and HC 1 . But the temperature required i., so high, and 
the wear and tear of the apparatus so great, that this process is 
not practicable. Gorgeu 1 has studied the conditions of this 
reaction and finds that clay, with 35 per cent, ^l s 0,, is able' to 
decompose 22 per cent, of its weight of NaCl in a current of 
steam at a dark red heat. 

It is interesting to note that Jiidgewickc obtained a British 
patent (No. 641) in 1749 Tor the manufacture of hydrr'Marie 
^dcitf frogi salt and clay (ef. p. 73). 

The Kayser Patent Company (Ger. R 63223) mi Res'day with 
rock-salt, and moulds thij * : nto blocks, dsies and heats by 
gaseous fuel in furnaces of peculiaj construction. The hydro¬ 
chloric acid is condensed, andjthe fused sodio-aluminium silicate 
running off at the bottom is worked tor soda. • 

* 1 Comptes remt.jek.Ol, 1164. 

• * 
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Klein (Fr. P. 368106, of* 1906) proposes that bauxite, clay 
or other aluminous bodies, in fine powder, be added to sodium 
chloride melted in a closed vessel, connected with apparatus for 
condensing the hydrochloric acid evolved. Superheated steam 
is injected ‘into the melt during* the process. The mass is 
lixiviated, and •arbon dioxide i*passed iyto the cleaned solution 
of sodium alu.flintfc obtained Jlf^ aluminium hydroxide 
precipitated is removed, an*! the filtrate evaporated to recover, 
sodium carbonate. • The process may be repeated with the 
aluminium hydroxide thus obtained, in which case the injection 
of .steam, except towards the end .of the jtrocess, may be 
dispensed with. • • 

A series of patents have been taken out for the manufacture 
of hydrochloric acid and silico-aluminates by the Electric 
Smelting and Aluminium Co of Lockport, N.Y. (U.S. Ps. 
i° 4 ° 977 ; '040893; 1040894; 1040895; 1040977; 1041598- 

1041599, all of .9,2). The detail given suggests that the 
process was being put into operation, but the main purpose is 

probably the preparation of alumina for the manufacture of * 
aluminium 

For a patent with a similar object, but using chlorine to 
disintegrate the clay, see Patronillcau, Er, P. 48006, of 1916. 

From nitvigtwoHs ,/thmde. 0 mmo» salt'anti sulphur dioxide, 

' nir ' I)n h TU "> !‘"d Co. propose to make hydrochloric acid' 

( . I . 3<V><of 18881 Air, mixed with 10 per cent. SO.,, is to 
>e passed into a boiling solution containing 250 kg. NaCl and 
-70 Mnt 1 , per cubic metre. The following reactions are 
btheu-d to take place, in which the manganese salt acts as a 
catalytic agent,:-* 

'• sNaCI + Mnn, + SO„ + O i +n„o , MnSO, + 2N.-1CI + jHCI 

1. MnSO, + 2NaCl + 2HCI Na.SO, + MnCI,. 

* rilc ch,< ’ r ' c,l ‘ K of calcmm or magnesium can bo treated in 
the same way. The HCI is distilled off. or is converted intd* 
chionne By manganese dioxide. As the inventors do not even 
say how the sodium sulphate « ,t„ be separated from the 

mangl.nous chloride, we ived not detain ourselves with this 
proposal. , 

Th Meyer (Gcr. P. 186398) prepares dry HCI from common 
salt and sulphuric acid, obtaining at the same time sodium 
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bisulphate , which is prevented frorrf solidifving. He finds that 
sodium chloride dissolves completely in a, sufficient excess of 
liquid bisul[Jhate,. that sulphuric acid of at least 80 |xr cent. 
H.SOj may be added to hot bisulphate without any frothing, 
and that such acid may be made to circulate tn tho bisulphate 
Rcncc he <ie*imposcs > NaCl in a medium o{ liquefied, hot 
bisulphate, introducingin, an appropriate place, <• : thcr con¬ 
tinuously or from time t» time, a strbam of sulphuric acid of at 
least 90 per cent. M.SO., tmploying a quantity corresponding 
to that of the XaCl introduced, whilst on the opposite. side a 
corresponding qflamity of.bisuiphate i-j run off This proces^ is 
intended to be rarfijd out in Connection with that eft-scribed in 
Ger. ]’. 136998. and mentioned supra, pp. 183 ft set/., for utilising 
nitre-cake, but it is not known if it is in operation 

The General Chemical Co (li. T. 9875, of 1902; U.S. P. 
6^18703) prepare HCI by heating eXaCl with iXa..S, 0 , f.sodium 
pyrosulphate) in retorts, into which steam is passed. , 

Trivick (U..S. P. *728335) heats 2NaCI with 4!I 2 S 0 4 , 
and,thereby obtains gaseous 11 Cl and fused tctrasulphate, 
Na 2 0 (S 0 3 ) 4 , which after cooling is granulated, and on being 
dissolved in water may be used in lieu of strong sulphuric acid. 

llipp (y.S. J’. 726533) heats nitre-cake, purified to some 
extent, with common’salt, and thereby liberates HCI. 

B. Trout Calcium Chloride. 

Calcium chloride is obtained as a waste product of various 
chemical industries in enormous quantities, and it has very few 
direct applications. It can be obtained in any desired quantity 
from the Weldon chlorine process, and even moje extensively 
from the ammonia-soda process. 

It seems that Pclouze 1 was *ti,e first to point out that 
calcium chloride, mixed with sand in order to prevent fusion, is 
almost completely decomposed bv steam at a red hffat, w ith 
UOpi#u.s ^volution of HCI. This process was taken up by 
Solvay for utilising the ’calcium chioridfc from, the atmnonia- 
soda manufacture (B. Ps. 57, 91, and 171,- of *■877), .The 
solution of calcium (or magnesium^ chloride is brought to 
dryness; the rpsdue is moulded .into balls, etc., with sand or clay; 
these are put in iron o- brick towers, heated from the outside, 

1 Comptts rend., at, 1267. 
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and a current of superheated steam is passed through. Hydrc^ 
chloride is evolved tyid is condensed in the usual manner, or 
allowed to act upon the silicates and aluminatA of lime or 
magnesia produced, thus obtaining on the one hand recovered 
CaCl., or MgCL, On the other hand finely precipitated silica or 
alumina. The, silicates ;yul almninatos can be u'secJ directly for 
decomposing a . 4 blu|ion of arqmoniutn chloride. At a very high 
temperature alumina acts ah an acid and c.\[>cls HCI from CaCl, 
or MgCl.,. This is - also the case with aluminium silicate and o? 
course with silica itself, so that the silicates and aluminates of 
cajcium and magnesium /ire formed. sWith calcium chloride at 
least an eiftial quantity of the earthy substadees must be takan; 
MgCL requires rather less. The practical success of this process 
was not satisfactory. 

In Solvay’s Ger. I’. 13528, a furnace, intended for the above 
purpose, is described, in which the air (for the manufacture ,of 
chlorine) or the steam (for that of HCI) is first passed through 
residue already treated, and there receives a first heating. In 
his lid’. 7260, of 1S85, the most suitable quantities of silicj and* 
alumina are discussed. It is proposed to add to the mixture a 
certain quantity of the residue from a former operation, in order 
to obtain an infusible residue, suitable for cement. , 

Kayser, Williams, and Young (B. Ts. 11492 and 11494, of 
1887) describe exactly the same process, witii a special furnace. 
W. Walker, again, patents the decomposition of calcium chloride 
(mixed with salt) by sand ; the residue to be used for glass- 
making (B. P. 2019, of 1891). 

Lunge mailt some experiments on this reaction, with the 
following results 1 :—On igniting calcium chloride with its 
equivalent of silica (kieselguhr) in a current of steam, from 605 
to 66 8 per cent, of the theoretical quantity of HCI was obtained; 
on igniting 2 parts 'of felspar with 1 part CaCL, 66 per cent 
»f the chloride was obtained as HCI, and no alumina soluble 
in acid was found in the residue. But even on heating flaG 1 , 
by it.sc-If in a purrentmf steam at a moderate red heat, 54 per 
cent., at a, brigltf red heat 60 per cent, of the possible HCI 
wajj.obtaincd, the residue Showing a strongly alkaline reaction. 
Hence the addition of silica or felspar did not produce any 
favourable result. 

1 Dingt. pi’fyt. /, 248 , 460 ; Fischer’s Jahnsber., 1882, p. 374. 


;< 
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The hydrochloric-acid vapour obfained by Solvay’s methods 
is at the best greatly diluted, which led to his proposals, men¬ 
tioned on p, ^04, for obtaining strong 11 Cl by means of calcium 
chloride solutions ; but these are neither simple nor cheap. 

Hurter 1 points out that with a 20 per dent. Solution of 
calcium chlotide and H^l gas, diluted by steam iu 5 per cent., 
IOOO tons of water musj'bc evajj^rated fof cSch loo tons of 
CaCl 2 , as it is obtained <from the alnmonia-soda manufacture, 
in order to bring the solution to its origfhal concentration. 
If we consider that the decomposition of CaCl t by steam is 
an endothermic fcartioij, absorbing 26,000 calories per grav¬ 
en eleculc of HI!* ap ‘<4 that the reaction therefore requires much 
time, labour, and apparatus, this method of producing hydro¬ 
chloric acid docs not stand much chance of economic success. 

Twynam ( 11 . P. 731, of 1885) proposes treating calcium 
chloride liquors at 80" C. with lime, in order to precipitate 
calcium oxychloride, from which chlorine is to be made with 
dry air, or hydrochloric’acid with air and steam. [This would 
prob;cbly be even more difficult than with pure C aCl 2 ] 

Bramley (B. P. 8289, of 1887) mixes Call,, with calcined iron- 
ore and heats in a current of air to produce chlorine, or in 
steam to pruduce'HC 1 ; the residue is to be worked for iron. 

Jung and Steiger ’(Gcr. P. 91205) add to calcium chloride 
solutions (especially such as result in the ammonia-soda process), 
after suitable concentration, a solution of cpric sulphate, 
besides a precipitate of calcium sulphate. Into the solution of 
cupric chloride thus formed they pass hydrogen sulphide, 
obtained by reducing the calcium sulphate, formed in the first 
ope.ation, to sulphide by igniting it with coal, amj working the 
CaS for H„S by the Chancc-Claus process. The cupric sulphide 
is retransformed into sulphate by'oxidation. Ihis process is 
so complicated that it appears, unlikely it would prove 
remunerative, and the same criticism applies to the "pro--,.* 
If Sai.war# and VVeishut (Ger. P. 96158). They evaporate the 
calcium chloride liquors to'dryness, fuse tlfc residue a ■ lrbarium 
sulphate and coal, extract tjic barium chloride thus forced, 
precipitate the solution with sodium, sulphate,' evaporate .the 
solution of *o4iu 'B chloride thus formed, and transform the dry 
NaCl into sulphate reco vering the bid in this process. 

* 1 J. S"C. Chem. Ini., 1*83, p. 103. 

« • 
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Schollmeyer (Ger. P. 191890) gently heats calcium chloride 
with hydrnfluosilicic acid, till all HC 1 is expelled : . 

CaCI, + HjSiF,. - CaSif 0 + 2HCI. * 

The resided solution is evaporated to dryness and heated till 
all silicon fluoride has been expelled : 1 , • 

* CaSiF. - CaF., + EiV.. 

• "• ■» « 1 

This gas is brought into contact with’water, thus regenerating; 
two-thirds of the .’Rid originally employed : 

3 SiF, + 2 H.O = SiP, + 2lI.,StI'' 

• • • ■ 

'J nis proecss furnishes highly concentrated hydrochloric tjjid, 

free from arsenic and sulphuric acid, togetfie? \\ ith pure calcium 
fluoride and silicic acid. 

From fused calcium chloride Scamon (U.S. P. 826614) 
prepares 11(1 by passing acetylene through it, obtaining 
calcium carbide as by-product. 

The attempts t<*i prepare hydrochloric acid from calcium 
chloride have been made principally in order to utilise th» 
waste liquor of the ammonia-soda manufacture. But experi¬ 
ence has shown that the production of hydrochloric acid (or 
chlorine) from calcium chloride succeeds oply partially and 
only by employing such an amount of»hcat that the hydro¬ 
chloric acid thus obtained costs more than'that made by the 
ordinary pioccss. So long as that acitl has its present low 
value, all endeavours for utilising waste liquor appear to be 
hopeless. 

« 

‘ C. From Magnesium Chloride. 

► 

Hydrated magnesium chloride is much more readily hydro¬ 
lysed than calcium chloridA Davy and Graham mention the 
decomposition of magnesium chloride on heating. Even in 
"evaporating a solution of MgCl,,* evolution of HCi occurs as 
soon as there is less than 6 mols HjO present to 1 rpol. MgOi£ 
On furtner hosting, sti much HCI cs'capes that it was formerly 
believed to lead to a comply realisation of the reaction 
Mg 01 4 + H „0 = MgO + 2UCI Many proposals for preparing 
HCI or chlorine are founded on this assumption. The 
proposals for‘the preparation of chlorine are dealt with in 
another volume, and in tkis volume reference is made only to 
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proposals for making hydrochloric ‘acid. Magnesium chloride 
is certainly far from being such a frequent waste product of 
other chemiSal manufactures as calcium chloride, but in the 
manufacture of potassium salts at Stassfurt alone, sufficient 
MgC!., is formed to cover art the present ncfds o? the whole 
world” as ftgards liycjroclilorie acid, and chlwinc. In the 
working up of the mother-liquors ^ if sea-w.'^errlarge uuantitics 
of MgCl, are also formed, none of w’inch has yet been utilised. 
The hydrolysis of magncsiufn chloride has frAjucntly been noted 
by inventors, who proposed to replace lime by magnesia 
in the luanufucffirc of piwmonia soda# in ordTs to liberate tjic 
H-.l from the ^Ig(jl. formed. It may be said at* once that 
these attempts have not been successful. Most proposals for 
utilising magnesium chloride have only been tried experi- 
mcntallv, if at alL A feu of them have been worked out 
wdh the expenditure of much energy and capital, but mostly 
for the direct manufacture of chlorine. It seems that *at 
Stassfurt some hydrochloric acid is ma’lc from magnesium 
‘chloride, but it is not known under what circumstances and 
with what economic success. 

Eschellmami has published a very elaborate paper on the 
methods fi* prftduc'iig chlorine and hydrochloric acid from 
magnesium chloric r According to him the production of 
MgCl at Stassfurt, in the form of saturated “final liquor," at 
that time was about 200,000 tons per annum, equal to 150,000 
tons of chlorine, which would be more than sufficient to furnish 
all the blcaching-powder, chlorate of potash, anti hydrochloric 
arid consumed at that period in the whole world. Ibis is, 
however, based on the assumption that the VVeldon-Ecchincy 
process would be generally introduced, but this has. not been 
the case. A similar estimate is'made by Kosmann in his 
pamphlet, Hie I)an,ttilung von Chlt» unitChlonuasserstoffsaure 
ans Chlnrmagnesium (Berlin,*1X91)' he even states 200,600 un« 
•as quantity of MgCl., lost, exclusive of that which was 
actually used. 

Eschellmanndescribes a qut..berof crrefully executed labpra- 
tory experiments, which show that # on heatitig MgCl 2 , 64 djO 
to 250" just, ope third of the Cl.is split off as HC'I the residue 
being 2Mg0,4MgCl„3lt,0. On further heating up to 350" no 

‘ ' Ch ■». Inti., l8&, Pi* 2, 25. 5'- 
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change occurs; but from fnis point there is a fresh evolution 
of HC1, and at 559” this reaction proceeds so far that one- 
half of the HC 1 is expelled, and the compound MgO,MgCl 2 
remains as a white, crystalline, brittle, silky mass, which is 
decomposed by Water, with evolution of much heat. It makes 
no difference ,whether MgCL6H.,0 is heated by Asclf or in a 
current of nitrogen, , , 

H.schcllmann gives the' following 'thermochemical data fof 
the conversion of‘magnesium chlolide into MgO and HC 1 or 
chloritje 


— r 

• 1 4 For HydrochloHc Aiid :— < 

K. 

Decomposition of MgCl, . . * . 

151 " 

„ MgCE, 6ILQ 

• - 33 

„ IDO . 

■ - 58 

Evaporation of 511^0 .... 

’ " 59 


-301 

, Formation of MgO + j 47) 

„ . 2HC1+ 44 i « * 

. +191 

Heat absorbed in the process . 

. - 110 

1 1 . For Chlorine 

K. 

Decomposition of MgCF . 

151 

„ MgCL, 6H_><) 

- 33 

Evaporation of 61 HO . . .„ 

. 1 - 70-6 

Formation of MgO . H 

- = 54-6 
• +147 

Heat absorbed in the process . 

. -107-6 

1 \ Fischer* gives similar calculations. 

applied to the 


i'echiney-WoIdon chlorine process, which employs magnesium 
oxychloride. 

In both cases, even under the theoretically best conditions, 
a very large amount of hejt is required for carrying out the 
♦eaction; it is evident therefore 1 that all processes for manu¬ 
facturing HC1 and chlorine from magnesium chloride mqst bt 
burdened with,a very large consumption of fuel. An inference, 
no( stated by Eschellmann, but tleducible from the above data, 
is that it is ift all circumstances less profitable to produce 
hydrochloric acid from magnesium chloride, than, to produce 
chlorine, more heat being consumed in the former than in the 
1 Z. angtw. C/um., 1888, p. 549, 
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latter case. But at present there is no process for making 
chlorine frorn magnesium chloride in which .there is not also a 
copious and sometimes evep excessive production of hydrochloric 
acid as a by-product. Lunge,’ in a criticism of the above, offers 
a # warning against relying on the application of therftiochemical 
data. * , • , 

In the following pageg.Eschcllmann's convenient classification 
of the various proposals for making llCl from MgCL has been 
adopted. * • 

l. Heating MgCl, 2 , 6 H ._,0 amt Steam externally. —As early as 
1864 Clemm- c]£scribcci the manufacture of hydrochloric a«d 
by .heating magnesium chloride in a saltcakc muffle-furnace 
with superheated steam. Weldon, in 1869, took out a British 
patent* for the same invention, which he abandoned on learn¬ 
ing of Clemm’s process. M'Dougall (B. I\ 2048, of 1886) 
applied the same process to magnesium chloride obtained 
in the ammonia-soda process by decomposing NH t C> with 
MgO. Wilson (B. P. 3098, of 1885) patents practically the 
same,thing as Weldon (cf. below). 

Hcinzerling and Schmid fB. P. 13648, of 1888) prescribe 
decomposing the magnesium chloride in a shelf-furnace with 
hollow, heat*.I pliftes. -exactly similar to a blende-roasting furnace. 
The material, previously partially decomposed in a muffle- 
furnace or the like, is int-ixluccd by feeding-rollers at the top 
and is gradually moved downwards to the lowed hottest shelf, 
from which it is discharged. They describe improvements of 
this process in tier. P. 48845. Eschellmann points out that the 
principle of counter-currents had already been similarly applied 
by Weldon in 1881 ; but the application of the hpated shelves 
was a novelty. 

The advantage claimed by this flu s cf processes consists in 
not having to dilute the gases containing the HCI, and the 
consequent purity and casief condensation of the aciU. But 
♦his according to hschellmann, counterbalanced by greater 
drawbacks, especially the difficulty of sujfplying .the hfcif from 
without, which is all the grcju.r as the apparatus ‘cannot.be 
made of iron, and must be made of£tonc. The steam must 
also be supeihept- d and does noj act perfectly, because it does 
not pass ^through the mass, but merely over it. Lunge 

1 Z. an£ew. C*em„ 1 m, p. 95. »Z. Verein dtutsck, Ingtn., a 
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suggests that both of these drawbacks could be avoided. Instead 
of heating the mass from without, l’cchincy’s apparatus might 
be employed. This lias narrow slits ii) the brickwork, alternately 
heated from within, and afterwards giving up that heat to the 
substance fo be‘decomposed The action of steam might be 
promoted by <mechanical mehns, thopgh this has the dis¬ 
advantage of bringing hot acid-gases iti contact with iron. 

2. Mixing magnesium chloride wi,h salts ■which lose theirt 
water only at high temperatures,' heating the mixture, and 
recovery of the salts —For this group of methods Kschellmann 
claims the priority, but-he overlooked, a British patent taken 
out eighteen years before his (C. G. Cle/npi, 1776, of 18C3), 
though Clemin did not commence with magnesium chloride 
obtained as a refuse salt, but with kieseritc, which subsequently 
leads to the formation of MgCL- Clemin dissolves 1 mol, 
MgSO ( and 1 mol NaCl in as little water as possible, mixes the 
solutions, evaporates to dryness, and heats the residue in a 
current of steam in a muffle-furnace. In this process the 
double salt MgS 0 4 ,Na,SO, is formed, together with a little 
MgO and HCI. From the muffle-furnace the mass is conveyed 
into a reverberatory furnace, in which the HCI is said to be 
almost entirely expelled. The residue, containing the above- 
mentioned double salt, is dissolved in water ; ( from this solution 
one can either obtain anhydrous sodium .sulphate by boiling and 
fishing out. or crystallised Glauber’s salt by freezing. There is 
also the possibility of first making Glauber’s salt by freezing 
from a solution of eNaCl-h iMgS 0 4 yef p. 192), and then 
working the MgCL remaining in the mother-liquor for HCI by 
evaporating and heating in a current of steam. 

Kschellmann himself (Gcr. I’. 17058) proposed mixing 
kieseritc or Kpsom salts with the magnesium salt (the patent 
also mentions calcium sulphite, or calcium chloride- 1 -magnesium 
sulphatf), igniting and separating the magnesium sulphate 
from the magnesia formed by dissolving in water, in order to 
reproduce Kpsom skits. He also’ says that the practical 
utilisation of the process was frustrated by the cost of heating 
the * mixture and recovering the sulphate—reasons which of 
course are valid for all o^Jher proposals of the sanjc class. 

Konther (Ger. P. 41351) mixes magnesium chloride with at 
least its equivalent of calcium chloride and water and heats to 
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fusion. The calcium chloride retafhs the water so long that 
it escapes at last as superheated steam, ayd decomposes the 
magnesium Oxychloride. The residue is separated by water 
into magnesia and solution of calcium chloride, and the latter is 
apiin used after evaporation. • • • 

P. de Wildfc (Ger, P. 5^155) begins like Eijphcllmann and 
Konther, but instead of- lixiviatiyg the residue by water in 
order to separate the magnesia, Re grinds it into powder, 
introduces this into concentrated MgCL,‘liquor (eg. ‘final 
liquor” from the potassium chloride manufacture), evaporates 
the mixture to^he consist£nc\ of a,paste, and ignites ir^ a 
bl'*k-ash furnace. 'The residue, which is now richer ifl magnesia, 
is used a second or third time for decomposing MgCL, liquors. 
The last residue, now very rich in magnesia, is lixiviated with 
hot waiter, which leaves magnesium hydroxide behind, whilst 
MgS 0 4 or CaCL, enter into solution. He asserts that he 
obtains 96 per cent, of the total chlorine in the shape of IICI* 
Bohlig and Hcynrf (Ger. P. 39566) propose decomposing 
*MgQU completely into MgO and HC 1 by mixing its solution 
with coarse sawdust, and gradually heating the damp mixture 
in retorts to a dark red heat, till the evolution of gas has 
ceased. Tlje concentration of the liquor must be chosen in such 
manner that the magnesia-charcoal thus formed docs not contain 
much above 40 per cent MgO ; otherwise, even on strongly 
heating, the decomposition is only partial. The magnesia-dur- 
coal is to be employed for the purification of water, according to a 
well-known process of the same inventors. Eschellmann classes 
this process with the same group as the last, Because from the 
sawdust, by heating without contact with air, steam is formBd 
which acts upon the magnesium oxychloride and decomposes it. 
Of course the hydrochloric acid [reduced by this process must 
be very injure, and the drawback of hdating externally exists 
in this case also. • • . 

Heating MgCl,, 6 H ,,0 by direct flame with supply of steam, 
with or without additim of other suistances i —To. tin's class 
belong the numerous Solvay patents, taken o.ut si tyre 1S77, and 
intended in the first instanc? for calcium chloride. As a patter 
of fact, practical ^trials seem to have Seen made only with CaCl,, 
and these in recent years mostly witfi the intention of producing 
not HO but chlorine, bv employing air in ptece of steam. As 
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regards magnesium chloridfc, all proposals for mixing with it 
sand, clay, or similar foreign substances are useless, since the 
magnesia cannot be recovered from them (this admixture was 
first patented in 1870 by H. M. Baker). 

Ramdohr Brothers (Ger. Ps.» 11540 and 11746) propose 
evaporating njagnesium. chloside ^solution, and igniting the 
residue with an'oxidising Aginc and .superheated steam. The 
escaping HCI is condensed; the residue, consisting of MgCl^ 
and MgO, is moulded into bricks with clay and iron-ore, and is 
burnt (dn this instance the manufacture of these bricks was the 
principal object) Ramtjphr, BlumSnthal, & Cat (Ger. F. 19259) 
evaporate fhc MgCl, solution to sp gr. 1-4 of 1 so as to lcjye ' 
essentially MgCl ; ,GH, 0 , then add from 4’to 10 per cent, 
magnesite, and heat the mixture in a current of air to re<j heat 
till the evolution of HCI [and chlorine !] ceases. The remaining 
magnesium oxychloride is decomposed into MgO and MgC,l, 
by. heating with water. Ramdohr ! elsewhere assorts that 
magnesium chloride c;!n be completely decomposed by an oxidising 
flame and highly superheated steam, furnishing pure MgO,and* 
hydrochloric acid of 34” Tw. The magnesia can be utilised 
in various ways, principally by calcining at the highest white 
heat, when it yields very hard and extremely fifcprqpf bricks. 

Vogt (Ger. 1 ’. 37083) describes an apparatus for decomposing 
MgCl, liquors, consisting of a revolving furnace in which the 
liquid MgCl, is evaporated to dryness By producer-gas; this 
flame comes from a shelf-furnace in which the dry magnesium 
chloride, being moved from shelf to shelf, is gradually decom¬ 
posed into MgO’and HCI. 

• Almost at the same time as Ramdohr, Blumenthal, & Co. 
took out their German patent in 1881, Weldon obtained a 
British patent, almost precisely agreeing with it, for making 
from concentrated magnesium chloride solution and magnesia a 
scjjid oxychloride, which is crushed into pieces and, in a set of 
eight iron cylinders arranged in regular rotation, treated ei{her o 
with steam (for, HCI) ?r with air (for chlorine). This proposal 
was frustrated by .the impossibility of using an iron apparatus, 
but "it gave occasion for working out the Weldon-Pechiney 
chlorine process. According to theory as well as ^he patent 
specifications, the Weldon process, as modified by Pechiney, 

■* Fischer's Jqhrtsher.. 1483 , p. 421 . 
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would be applicable to the manufacture of hydrochloric acid, 
but this has never been attempted in practice. 

Friedrich (Fr. P. 449733 , of 1912) describes a process of 
heating magnesium chloride, with or without calcium chloride, 
in such manner that the material is brought into intimate 
contact with the burning fuel «(solid, liquid, oj gaseous), and 
water or steam is injected^when jiccessary. -The air supplied 
is advantageously heatad, and m;ty be mixed with furnace 
gases at a high temperature*. • 

Schwarzenauer (Gcr. P. 270008, of 1014) uses a vertical 
retort and introduces superheated stpam at the bottom, the 
hydrochloric ac^d being led off at the top. Schloeslng (below) 
recommends passing the gases in the reverse direction. 

J..Wilson (B. P. 3098, of 1885) evaporates MgCl 2 liquor up 
to the point where it would solidify on cooling, and then runs it 
into the decomposing furnace, which still contains residues from 
a former” operation, by which the liquor is absorbed. The 
mixture is heated with air to obtain chlofinc, or with steam to 
•obtajn HC 1 . [This process does not essentially differ from that 
of Weldon's, just mentioned.] 

Nilhack (Gcr. P. 30742) brings hot, very concentrated solu¬ 
tions of magnesium chloride, in the state of spray, into contact 
with fire-gases, hot "brickwork, etc. Kosmann 1 unfavourably 
criticises this proposal. 

A number of German patents have been taken out by the 
Salzbergwerk Neustassfurt (Nos. 36673, 46215, 47043, 48552, 
51209, 54830). They employ reverberatory furnaces, with 
several floors placed one above the other, "sometimes con¬ 
nected with kilns, in various combinations. The laier patenfe 
exchange the open furnaces for muffles, the kilns for retorts, 
and revert to the Solvay type c 4 ..pparatus. TheiS: arc, eg, 
retorts triage of firebricks, v. ith gre-flue^ at both sides, 6 in. 
wide, 5 ft. long, and 10 ffl high, with working holes a f tke 
• narrj .v egds. They arc heated from without by fire-gases, 
which travel first in a flue below, thentupwarjs, divided into 
a number of vertical flues, th'-n again downwards by lateral 
flues. 

The Vereinigten chemisc^en Fabriken at Lcopoldshall 
(Ger. P. 43500) descril>e a mechanical apparatus for moulding 

* 1 Lot. cit, p. #55. 

*• 



362 MANUFACTURE OF HYDROCHLORIC jtyH 

magnesium oxychloride, evMcntly intended for producing HC 1 
or C! according to the principle described above. 

Schlocsing (hr. P. 360356, of 1905) precipitate* as gypsum 
the sulphates present in commcrciaf magnesium chloride, by 
means of c*!ciuit> chloride, evapojates the solution at a tem¬ 
perature of 161j C., .precipitate* the excess of cAlckim chloride 
as calcium sulphate^ by mentis of magnesium sulphate, cools 
down, separates the liquid from the /precipitated salts, and 
heats it with Mg(* so that MgO.MgCl., is formed, which, on" 
heating m a furnace, splits off HC 1 * 

.I' 1 n laU ' r l latcnt U' r - !'• 39 * 4067 * of i*)08) Schlocsing 
modifies this process as followsTo the solfltioti of magnesium 
chloride, heated to 132 to 133” C., powdered magnesia is added 
to the extent of one-third that required to form the ordinary 
oxychloride (MgCL,Mg 0 , 6 H., 0 ). Heating and stirring are 
continued, until the mixture becomes pasty, when it is turned 
oul and moulded into briquettes. These arc dried at a low 
temperature (eoo r C.J, and arc then decomposed at a dull red 
heat, the decomposition into magnesium oxide and hydrochloric' 
and being effected by spreading the material on interspaced 
bars of refractory material in a heating chamber, and passing 
the hot gases from an adjacent furnace or producer through 
the mass, from above downwards, in order to avoid crushing 
the friable product, steam being introduced into the chamber 
as required. 

4. Other Proposed Methods.— Rosenthal (Ger, P 31357) 
proposes obtaining hydrochloric acid by evaporating sulphate 
o! alumina with magnesium chloride solution, the reaction 
bom#: 

AysO ( ) a + jMgCI., + 3 H .,0 - A 1,0., + 3 MgS0 4 + 6 HO. 

The alumina would 'be the principal product in this case In 
n-der tor separate the last 4 to 7 per cent, of the sulphuric acid, 
which cannot be removed from the alumina by heat alone, a 
little lime is to, be added to the mixture, and steam superheated 
to too” is to be passed through h closed vessels. The alumina 
is further to be purified from iron by a special process, described 
in the patent. 

I.yte and Tatters (b. P. 17218, of 1889) propose making 
hydrochloric acid by treating anhydrous magnesium chloride or 
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magnesium Oxychloride with sulplTuretted hydrogen (formed 
from alkali waste and carbonic acid) and just sufficient air, a' a 
temperature 'between 300° to 430°. Under these conditions it 
is claimed that no sulphur dioxide (which would give hydro¬ 
chloric acid and sulphur) is •formed. This proposal docs not 
appear very*pr<ictical. | * t 

Dieffenbach and j\{old^nhauc{ (Gcr. 1 ’. 203080, of 1906) 
obtained a nearly perfect decomposition of magnesium chloride 
into MgO and HC 1 without introducing sle<*m, thereby obtain- 
ing nearly anhydrous hydrogen chloride gas. When heating 
MgO, HC 1 , no farther dcsoffiposition yikcs place between 3^0“ 
to 400° C., if th<? gjlseous mixture of HC 1 and steam* is allowed 
to remain over the oxychloride so that the equilibrium is 
not disturbed. On further heating, the decomposition sets in 
slowly; more strongly only from 750 ‘onwards. If, therefore, 
t|ye temperature is raised quickly and without essential disturb¬ 
ance of file equilibrium beyond 750', hardly anything escapes 
afterwards but dry 11 C 1 . The inventdVs describe a muffle 
'suitable for this purpose, and give further instructions for 
working the pijoccss. 

M. Sandecker and L. Weiss (Ger. P. 223169, of 1908) 
propose to. prepare hydrochloric acid from liquors containing 
calcium chloride or magnesium chloride in an unusual manner. 
The liquors arc treated with boric acid or an acid phosphate 
of an alkaline-earth metal or of magnesium, and the solution 
is forced through a jet into a heated vessel. B> addition of 
an oxidising agent, chlorine is obtained instead of hydrochloric 
acid. The residual liquor, if boric acid has been used, is heated 
with ammonium chloride, whereby ammonia is ^berated ancfa 
mixture of boric acid and calcium or magnesium chloride is 
left, ready for the production of*a further quantity! of hydro- 1 
chloric acgl or chlorine. When, an add phosphate is used, 
this may be regenerated fifim the residual liquor by' treatment 
witjy sulphur dioxide or carbon dioxide. 

Kerr (U.S. P. 1203757, of 1916) makes hydrochloric acid 
by heating together to abour 200" a mixture of nitre cak<^ and 
magnesium chloride. 
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General Remarks on the Manufacture of HC 1 from 
Magnesium Chloride, • * 

Eschellrpann gives 1 a calculation for hydrochloric acid made 
from magnesium chloride, founded entirely on • theoretica? 
assumptions. Ivr 1000 kg.^ acid of. 3*2°Tw., = 320 kg. HC 1 , 
we require 417 kg* MgCH=l4S4 kqj“ “ final liquor” of the # 
potassium chloridw manufacture, \#iich has no commercial 
value, but must be evaporated from *q>. gr. 116 to sp. gr. 1,45. 

He calculates as follows (figures for*i$89):— •» 

• ’ • « 

* * * Mark. 

Evaporating the final liquor . . . • . 8-oo 

Coal for decomposing it (four times the theoretical 

quantity), 259 kg. ..2*57* 

Superheating the steam.0-33 

Condensation .... i*oo 

Labour, water, interest on capital .... *jjo 
C ost of 1000 kg. acid of 32°Tw. . • . . 15 00 

• 

There is no allowance for wear and tear and repairs, which 
must be very heavy in this case.' Moreover, such estimates are 
usually below the truth. On the other hand, /he ^"due of the 
magnesia must be allowed for as well. * 

In 1907 three factories in the Stassfurt* district together 
made 12,000 tons hydrochloric acid per anftum from magnesium 
chloride 2 

The reason why up to this date most of the magnesium 
chloride liquors,‘resulting from the manufacture of potassium 
cRloridc, are run to waste is that the electrolytic chlorine pro¬ 
cesses, as wclf as the large demand for saltcakc by the glass 
• industry afld the consequent -production of HC1, have made a 
further extension of Special ^processes for the manufacture of 
h)#lrochl»ric acid unremuncrativc in most cases. At the present 
time over 70 per cent, of the German demand for chlorine is < 
supplied fey electrolysis, so that several manufacturers of 
Weldon chlorine. have been compelled to discontinue that 
procegs and to throw their hydrochloric acid into the market at 
any price. The manufacture of the acid from magnesium 
chloride will ^only come to the front again if soda-ash has 
1 Loc. cit., p. 3*56. s Th. Meyer, toe. cit., p. 85. 
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become so cheap that the glassworks will find it more re¬ 
munerative to employ this article than saljcake, or when new 
manufactures arise which^are Lrge consumers, of hydrochloric 
acid. • 

The great purity of the hydrochloric tie id made from 
magnesium‘chloride, the entire abspneo of ^sulphuric acid, 
arsenic, selenium, etc., will alway% secure for it a better price 
than that of ordinary muratic acid. * 

D. From Cat na/litc , etc. 

Solvay (Ger» P..44865) treats carnallite, ka.ii.ite, os a mixtere 
of Troth, with or without addition of clay or magnesia, in a 
strong vacuum at ioo 0 to 200" C., and if necessary with the 
assistance of strong mechanical pressure, to obtain a dry mass, 
from which at a red heat air liberates chlorine, or steam hydro¬ 
chloric acid. 

Kossman 1 points gut that those of die above-mentioned 
.processes in which CaG, is added to MgC 1 2 are not advanta¬ 
geous, because, according to thermochemical data, the removal 
of chlorine froih CaCl 2 requires much more heat than from 
MgCl... Nor can additions of inert substances be recommended. 
Fusion or ‘frittmg t>f the salt is very injurious, but can be 
partially remedied by mechanical division. Apart from this 
mechanical obstacle t<s the complete decomposition of magnesium 
chloride, we must remember the circumstan'': - observed by 
Carnelley and Walker 2 that a long-continued heating may 
produce polymerisation, which forms substances of very high 
specific heat, offering great resistance to further decomposition. 
Among chemical additions magnesia is undoubtedly the best. 

• 

E. From Ammonium Chloride. 

There is a possibility tlfat methods for the manufacture^ 
• hydrochloric acid from ammonium chloride may assume great 
technical importance if» the scheme at present or r hand to 
combine the manufacture of ammonium chloride with^ the 
fixation of nitrogen by the rfaber pfjeess proves a success^ 

Mond bas recommended tjie decomposition of ammonium 
chloride, obtained by crystallisation from the mother-liquors of 
1 * Lee. tit., p. 355. * ].£hem. Sol., 1888 68, 59. 
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the ammonia-soda manufacture, by sulphuric acid (B. Ps. 3820 
and 3922, of 1883)., The ammonium chloride is to be heated 
with twice its equivalent of sulphuric acid in ir6n or leaden 
pans to. 130 ', and the ammonium bisulphate formed is to be 
converted into heutral sulphate-by ammonia vapour. The 
process is, of ^ourse; only applicable on a restricted scale, and 
has not been ctfrri^d out tc* any large extent. According to 
further patents of M end’s* (Nos. 65, 3238, 8308, of 1886, and. 
others) the ammonium chloride is* to be volatilised, and the 
dissociated vapours of NH., and HCl are to be conveyed over 
oxjdcs of cobalt, nickel, iron, manganese, aluminium, copper, 
or magnesium, which retain the IIC 1 . (Tiie.se patents were 
taken out for the production of hydrochloric acid as well as 
of chlorine, but they are evidently only intended for the latter. 

Gilloteaux' (Ger P.49503) heats ammonium chloride with 
sodium or ammonium bisulphate, whereby HCl is evolved and 
neutral sulphates are formed On heating the latter NH 3 is 
given off, the hisulphate is re-formed, and can be used over 
again The reactions are :— ' 

1. sNallSt>, + 2Nil,Cl 2IICI + (Nil,) .SO, + Na„SO,. 

(NH,),SO, + N.t.SO, 2NH..+zNaHSO,. 

*' , 

The first reaction is anything but complete, for which reason 
Mond’s patent 3820, of 18S3, stops at the conversion of NH,C 1 
by I ISO, into IK 1 and N 11 , 1180 ,. Indeed Mond 1 asserts that 
no reaction whatever takes place between ammonium bisulphate 
and ammonium chloride; below a certain temperature nothing 
occurs, and aboi'e that temperature sal-ammoniac is volatilised. 

" O. N. Witt (Ger. 1 ‘. 34395) proposed converting ammonium 
chloride by syrupy phosphoric acid into HCl and ammonium 
phosphate: On further heatkig the latter gives up all NH 8 , and 
leaves vitreous phosphoric pcid behind, which is dissolved in 
water aivd used over again. " 

Jurisch,* after a number of laboratory experiments, cymes' 
to the conclusion thaf in this way "indeed all HCl can be 
driven off from N 11 , 01 , but only by means of an excess of 
phosphoric acid,-which may certainly be used over again. Of 
the ammonia only 63 6 to 86-1 per cent, is recovered [which 
alone would make the process practically impossible} Jurisch 
1 J Sac. Chem. hid., 1SS4, p. ;,S7. 2 Ding/, polyt. /, 287 , 431. 
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rightly observes that Witt's proposal cannot be utilised until 
a material for making furnaces and vessels .is discovered whi h 
will resist fifted phosphoric acid for any length of time. Wc 
do not at present know of any such material. • ■ 

Whitehouse (Eng. P. 1J140, of 1907) Beats *ammonium 
chloride, prftferably tho.ugly not* necessarily in # the dry state, 
to about 300” C. with one"ot; more »f the oxides*or oxychlorides, 
of cerium, thorium, didyfnium, lantlfanum, or yttrium, whereby 
ammonia is given off and flilorides of the eSrth or earths used 
arc formed. The latter ‘are then heated to 450° to .500° C. 
in air or steanJ*to cay sc* evolution o£ chlorne or hj - drochl<iric 
acid, and regeneration of the rare earth or earths employed. 



CHAPTER X 

WEAK . ACID ; CONTROL OF CONDENSATION; YIELDS, COSTS, 
PURIFICATION, I'l'MI'INO ANI) CONVEYANCE OF HYDRO¬ 
CHLORIC ACID ' f 

The control of the condensing-apparatus has two objects, viz,, 
first, the conlpletcst possible condensation of all the HC 1 
contained in the gas; secondly, the production of the largest 
possible quantity of strong acid. Although these aims are in 
some degree antagonistic, there is no reason why with a properly 
designed plant both objects should not be attained. The’ 
problem is simplified if weaker acid can be made, and this is 
usually done when the acid is to be used up at once in the 
works, but even in such cases the increased volume,of the dilute 
acid has obvious disadvantages. 

At most well-conducted works the post-condensers for blind 
roasters arc now abolished. This has been done in England 
mainly by very greatly enlarging the stone towers, and elsewhere 
by placing a sufficient number of cisterns or receivers between 
the saltcakc-furnaccs and the tower. Thus the quantity of weak 
acid made has been very much diminished, and what remains 
is mostly employed for feeding the strong acid condensers. 

* 

t 

Control of the Condensation. 

This must take account both of the completeness of the* 
removal t>f the- HC 1 fiom the gases and of the strength of the 
acid. The* acid running out Yif the condensers, tanks, or 
receivers ought "to be strong enough for sale acid, that is in 
winter 34” to 36 , in summer 30' to 32 Tw.j.for own use, acid 
of 23° to 2t-° is frequently sufficient, but the higher strength 
is preferable. Sometimes- samples are taken several times a 

MS ' 
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CONTROL OF THE CONDENSATION 

day and tested by the hydrometer*; but it is best to run all 
the acid coming from the condensing-apparatus through a 
glass cylinder ir\ which a hydrometer floats, so that the 
strength of the acid can Be' seen without the time and trouble 
of sampling. . . , 

• It should not be overlooked,that hydrochloric acid cannot 
easily be obtained of th£ highest strength unions sulphuric acid 
of 140" or 144 0 Tw. is •Jmployed fer decomposing; ( •heiwisc 
too much steam has to be condensed togcthc»with HC 1 . 

Nor should it be forgotten that the hydrometer at a high 
temperature ind**atc.. mu£h*less strength than at a lower one; 
according to tlifc t*blc"given on p. 45, an acid which at 
shows 20° Tw., woulcf only show 16 0 Tw. at 70°. Before testing, 
the acid must therefore be cooled down to the ordinary 
temperature. ' • 

Dr Angus Smith 1 gives a special instance of the condensing 
process unobserved at a works at St Helens, decomposing daily 
6 tons 12 cwt. of common salt, which ought to produce 76-16 
cwt. of dry HC 1 or 253-88 cwt. of 30 per cent, acid of 31° Tw. 
It appears that there was a blind roaster, and that both pan- 
and roaster-gas passed into tlfc same condenser. First they 
passed through j small cistern close to the furnace, in which 
in twenty-four hours iflaout one third of a cubic foot of 27 percent, 
acid was condensed; it was very impure, and its temperature 
was 46° C. In a sectmd, more distant cistern in the same 
period 481 cub. ft. of 31 per cent, acid at 32 C collected; 
the condenser furnished in twenty-four hours 400 cub. ft. of 
29 per cent, acid at 54 -5 C. The percentage of 11 Cl and steam 
in the acid gases was twice examined, and found as follow# 
(I. evidently during the most, II. during the least energetic 
evolution of gas):— 



Grom. IljO In | 

Gram. HCJ lu i 


1 ebm. or gu. 1 

1 

1 cbm. of gy. 

t _ 

3 feet from the pan . . * 

1109*2'' 

- 

Near the roaster 

Ucii 

Si-ob 

» 304-53 

On entering the con lenser 

> 93 - 3 * 

_ ' V- - 

* - 1 - — 
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Grms. H 2 O in 

Grmff. HC1 in 


1 cbm. of gaa. 

. 

1 cbm- of gas. 

3 feet from tlje pan . 

146-0 

129-66 

Near the roastei 

' I -46 

65-45 

On entering the < wiulcnser .< 

16-23 

■ 37-85 


The temperature of the pan-gaj was l8o°, that of the 
roaster-gas 315' G, that of the gas altering the tower 60' C. In 
spite of this, only one-eighth of the HC 1 was condensed before 
reaching the tower, and the tower, had to perform the other 
seven-eighths of the condensation. ■ 1 , 

The regulation of the draught is very ‘ important. I here 
must be in the connecting flue a damper of glass, slate,^stone- 
ware, or lead, which is regulated so that the gas can just pass 
through but does not blow out of the working-doors of the 
furnaces. If more draught is given, uncondensed HC 1 gas 
inevitably gets into the chimney, even with an excess of water. 
In some works the damper is put under lock and key, because 
the furnace-men arc apt to open it more widely in older to get 
more draught. Stoneware fans are often used in modern plants, 
and Messrs Kestncr also make fans which giv<; a suction if used 
after the absorption towers. In all wLll-conducted modern 
works, the final exit is placed at a low level where it is under 
ready and constant observation To piit it up the chimney 
at the finish is likely to cause bad work or bad control to pass 
unnoticed. 

If chimney* draught is not available, the best method of 
obtaining a draught is by the “ induced" system. A high 
pressure fan r of ordinary construction blows air through one 
> or other 'of two concentric tubes and causes a suction in the 
other. Only pure air passes t through the fan which thus escapes 
gorrosion. Even when chimney draught is available this system 
is worth using, since it enables one to have an exit^which can 
be kept under constartf observation. .. 

The maximum allowable escape of gas has been already 
mentioned on p.,230. This-is perhaps the most important point of 
all in control—certainly it is the most difficult. _ Several recorders 
have been Revised to Automatically measure and record the 
acidity of the escaping gas. The usual verdict on them is that 
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they require the full-time attentifin of a competent chemist 
to keep them working. Such an automatic recorder is, however, 
undoubtedly* possible, and whc.i a reliable one arrives it will 
receive a cordial welcome.’ Even the continuous taking and 
measuring of samples is net quite easy, it is .best done, 
according tfl Mactear, by a^ small gas-yneter, which, in order to 
prevent corrosion of its parts, is placed bc/iimi the absorbing 
.apparatus. But an ordinary aspirafbr of sufficiently t irge size 
will fulfil the same purpose m a cheaper way* and is less liable 
to get out of order. Kuhlfnann Fils 1 proposes to measure the 
speed of the gases by evening coloured vapours at the foot of 
the.chimney, an*d observing the time which they takJ in getting 
to the top. 

Usually, however, only a certain volume of gas is aspirated, 
first from the entrance-pipe and then from the efleit-pipe of the 
guises, and the proportion of HC 1 in both is estimated. For 
aspirating, the Alkali Inspectors employ small finger-pumps 
made of indiarubber balls, which on compression give up nearly 
Constant quantities of air. Standing aspirators are preferable. 
A very simple v'd cheap apparatus of this kind is represented 
in Fig. 139. It consists of’two glass bottles, 1 . and II., 
say “ Winchester quarts,” provided with a twice-perforated 
cork or indiarubber 'stopper, through which passes one elbow- 
tube ending just* below it, and another reaching down to its 
bottom. Wq will cafl the former a and b, the latter c and d 
The tubes c and d are connected by an elastic tube; another 
elastic tube connects either a or b with the apparatus through 
which the gas is to be aspirated—say, with a* small Woulfes 
bottle containing water and connected also with the outlet df 
the condenser. One of the bottles, say I., is placed so that its 
bottom is raised above the neck df II. If, now, b is'connected 
with the absorbing apparatus, and *lie air Is sucked from a for a 
moment, the siphon formed'by c d and the elastic lute begins 
' to r^.i, wljilst gas is aspirated from b. When the^coritents of I. 
are run out, the elastic tube is detachedtfrom b, the position of 
the bottles is changed, so tly.; II. now stands hig’uei, and # the 
elastic tube is put upon a ; the coifqpction between c and d ‘ s 
not touched. ^If.the attendant suck| for a moment at b, the 
apparatus starts working again. Usually sufficient yfttcr remains 

* 1 Anpit Industrielle, >678, p. 67. 

• *• • 
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in the tube b in the shape cff beads to make the siphon start of 
its own accord. The quantity of water running out of the 
bottles, independent of that always remaining at the bottom, 
is determined once for all, or a more exact scale can be put 
upon the bottles* themselves. 

For absorbing the acid-gasQs, either distilled'waier, or wea? 



Fig. 139. 


soda solution, or a measured quantity of standard silver solution 
is employed. r In the last case, the unused silver nitrate m^iy be< 
determined with a standard solution of ammonium thiocyanate; 
in the former cases the chloride-may be titrated with standard 
silvqr nitrate, with chromate as indicator, if the sulphur dioxide 
is first oxidised. Some SO. is always present, not only in the 
fire-gases, bjit-also in the condenser-gas not mixed with fire- 
gas, probably fr<tm the action of sulphuric acid vapotlr upon the 
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coke. Ever/ small quantities of ^ 50 ., make Mohr’s process 
impossible for direct use.. But it can be employed if to ‘he 
liquid a diluted solution of permanganate is carefully added till 
the pink colour just appears. All the S 0 2 is now Oxidised to 
Jd s S 0 4 ; the liquid is neutralised with soda, a Very slight excess 
of" which d8es no harip, qo mfcre than the extremely small 
excess of permanganate./Potassium chromate Is added, and the 
liquid titrated with stancferd'nitrateof silver. 

As indicator for the exit-gases from acid’works, Mr Ballard 
recommends metanil-yellor^, which is slowly bleached by qhlorine 
or S 0 2 , but witjJ*H('l yields*a heliotrope tinh • 

«For the titratipij of solutions which have a slightly yellow 
colour to begin with, Kirschnick 1 employs a mixture of methyl- 
orange and sodium indigo-sulphonate. Dissolve i g. of each of 
these substances separately in a litre of water each, mix 20 c.c. 
of the fir^t and 60 c.c. of the second solution and dilute the 
mixture to 1000 *.c. Of the solution thus obtained employ 
io c.c. as indicator for each titration. Bas’ic substances produce 
*a green colour, acid substances pink. Luther 2 confirms this 
and adds the statement that tjtis mixed indicator is also very 
useful for the titration of liquids containing carbonates, in 
which case the @0 2 produces an almost neutral grey, hardly at 
all perceptible in. dilute solutions, which is taken as the final 
point. Since the succession of colours is from yellow through 
green to grey (or colourless) and then to purple, the opcra'.oi is 
prepared for the final point and more easily avoids exceeding it. 

Frequently, and in Great Britain always, in consequence 
of the requirements of the law, the task imposed upon the 
chemist is to test the exit-gases not merely for. H Cl but also 
for their total acidity. In this case it is not practicable to pass 
the gases through titrated solutions of sodium carbonate or ’ 
hydrate and to retitrate them after addition of methyl-orange, 
since this indicator is affected by S 0 2 differently from TiCl a«d 
p H S^). t)n the other hand, phenolphthalein has .the drawback 
of*being affected by COJ as well, whid» may frequently cause 
grave errors. But it is not.rtecessary to renounce* the us* of 
methyl-orange, when following the* process employed by the 
British AlkaliJnspectors, who pass tty: gases through a solution 
of pure hydrogen peroxide (free from HU) in pure.’fater. Thus 
> Chtnu Zeit., 1907, (V, 9 60 - , * Cktm. Zttl., 1907, p. uyi. 

k a • A 



374 MANUFACTURE OF HYDROCHLORIC ACJIJ o ^ » 

the S 0 5 is quantitative!)' oxidised to HjSO*. When adding 
methyl-orange and ectitrating with standard solution of sodium 
hydrate or carbonate, the total acidity is found 1 , thereupon 
potassium Chromate is added, and the chloride is titrated with 
silver nitratfc. ‘ ■ # 

In many c^ses t’his -can Ife done ,quitc easily, but very 
frequently it happeps that v hen titrating with silver nitrate, 
a black or green precipitate is produced which altogether* 
interferes with tTie well-known fed colour of the silver 
chromate. Such “ black ” or “ grekn ” tests occur in estab¬ 
lishments of an)' kind where salt is (Jecom]JiJscd, but more 
particularly in the exit-gases from copppr-cxtraction wcwks. 
Carpenter and Linder, in the Thirty-fifth Report on Alkali 
Works, for 1X98, state their experiences in this matter. 
Those colours arc caused by the reduction of silver solution, 
probably to a mixture of Ag .,0 and Ag, which possesses £ 
blilish-black tint. The reduction may be caused by organic 
substances contained' in the chimney gases which escape the 
oxidisation by hydrogen peroxide. The following overcomes"' 
this difficulty. After determining as above the total acidity, 
calculated as S 0 3 , by titration with soda solution, add about 
0 5 g. calcium or magnesium carbonate and afterwards 5 to 10 
drops of a 5 per cent, ferrous sulphate solution, agitate for 
a minute, decant or filter, and titrate the solution as usual 
with potassium chromate and silver nitrate. The precipitate of 
ferrous carbonate formed in that process carries down all the 
organic substance, and in the solution filtered from it the 
ljydrogen peroxide does not act as a reducing agent on argentic 
nitrate, but is quite harmless. 

If the question is merely to estimate the HC 1 , it was 
formerly considered sufficient to pass the gases through water, 
to oxidise the SO„ by' potassium permanganate, neutralise with 
sdUium carbonate and titrate with potassium chromate and 
silver nitrate, as above. But in this process also “ green,” or * 
“black” fests occur, since the mangabous sulphate, formed by 
the.action of SG„, reduces somb.silver nitrate. This can be 
avoided, if after adding tipi potassium permanganate a mixture 
of ground chalk and potassium bichromate is used, but it is 
simpler to rftplace the permanganate by hydrogen peroxide, in 
which case the difficulties jist mentioned do not occur. 
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To ensure complete absorption*of the smallest quantity of 
HC 1 in the large volume of gas, a simple ,bubbling of the gas 
through the liquid contained in a Woulfe’s bottle is not 


efficient; a larger surface of 
juust be produced. This i» 
very well dbne, for instance, 
by the small apparatus sho\\n 
.in Fig. 140 , and first intro¬ 
duced by Mr Glendinnidg. 
The gas enters at a as usutd; 
it leaves the bjftles through 
the* wider tube bj t which is 
connected with the aspirator 
at c\*b is blown into a bulb 
at the bottom ; and a number 
<*f small holes are made in 
that bulb. The whole tube 
is filled with broken* glass. 
*lt is put down just to the 
level of the liquid. The cur¬ 
rent of gas carries some liquid 
through thwfina holes into b 
where the gas aqd water arc 
mixed into froth by the broken 
glass and a*me into intimate 
contact. The tube b should 


contact between gas- and water 



Fig. :\a. 


be pretty long, as the liquid is sucked up into it to a consider¬ 
able height. For the perforated glass ball an open glass tube, 
closed by a cork with fine longitudinal nicks, may,be substituted. 

Taking the Samples .—In order to take the samples, there 
must be i-in. holes drilled in suitable places of the g*as-pipe? of* 
course usually closed in some ways Foresting, a cork is put in 
which contains a glass tub! reaching to one-third of the radius 
" of {lie gas-flue, and so placed that no drops of,liquid can fall 
into it This tube is ionnected outside with the' absorbing 


apparatus, and the latter wijlf the aspirator. • • . 

Jurisch 1 has made a number o£ experiments which#prove 
that the assumption, according t<^ which the velocity of a 
gaseous current at a distance of one-third of the radius Trom 

Chem. Inti., 18*3, p. 425, 

. > ’• 
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the periphery of the pipe or flue is equal to the mean velocity 
of the whole current, leads to errors between the limits of 
— 3 and + 30 per cent., in the case either of horizontal, upward, 
or downward currents, lead pipes, earthenware pipes, or brick 
chimneys. J'or exact measuremonts a number of tests must,, 
be taken at different points tof the radius. Urt-fortunately, 
Jurisch gives no 1 hint how, ftom these various tests, the mean 
velocity or the real'composition of the gas is to be deduced,,, 
and we shall thcrtforc be constrairfed to adhere to the usual 
method, which at any rate yields results sufficiently accurate 
for comparison. „ • 

*ln the Hargreaves process some salt is ji'iways carried away 
mechanically by the draught in the moulding and drying 
apparatus. This would affect the results of the chimney-test 
for chlorides, unless the salt were kept out. Mr Fletcher, as 
stated in the Alkali Inspectors' Report , 1877-7S, p. 76, found thai 
this could be done by filtering the gas through asbestos, which 
at temperatures above too" C. docs not retain any MCI. Glass 
wool, on the contrary, retained some acid, probably by. its' 
alkaline constituents. 1 

The Committee of Alkali-makers in 1881 gave the following 
rules for the testing of hydrochloric acid escapes m— A. continuous 
test over twenty-four hours in one chimney, with intermittent 
daily bellows test at nine o’clock, or other specified time, to 
be taken and recorded ; particulars of tKc work done by the 
chimney to be given, viz., quantity of fuel-gases passing into it, 
whether close or open roasters are used, and any other particulars 
that may be desirable. The observing-apparatus to consist of 
three bottles or tubes containing not less than 100 c.c. of 
absorbing liquid, a depth of 3 in. in each. The aperture of the 
«inlet-tube bot to exceed ,-h of an inch in diameter, and of the 
second and third ,' 0 . 'Wires for the purpose of measuring this 
will be supplied by Mr Muspratt. 'Absorbing-liquid: distilled 
water free from chloride. Speed of aspiration as, near, as ' 
possible J cub. ft v per hoyr. Mode of testing : decinormal nitrate 
of silver (1Q-8 Ag per litre), and “chromate indicator.” The 
internjittent test, above allpded to, to be made with bellows at 
a stated hour, and once daily, buf at such timers the escape of 
hydrochloric acid may be expected to be greatest. Temperature 
1 Cf. Davis,/. SocvChem. /mi., 188J, p. 375. 
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and barometric pressure: the variations of these to be noted, 
and corrections made to^ 30 in. bar. and,6o° F. The resu'ts 
to be stated *in grtiins per.dubic foot. 

• The above rules do not take into account that the chromate 
indicator does not act when (as is frequently the case) SO s 
"occurs in tfte gas; but,we have seen.(p.372) that this can be 
remedied by oxidising the £0 2 b>w means of permanganate. 

For apparatus for testiifg the fxit-gases from acid towers, 
reference may be made fo the papers of* Lovett, 1 Pringle, 
and Davis, 3 which give destriptiens of testing-apparatus actually 
in use, and tcJ'Lungg’s •Technical Chemists' Handbook , IJl6, 

p. * 49 - , 

The latest contribution to this subject has been made by 

G Kohnd If a highly diluted gas passes through a series 
of towers under equal conditions, the proportidn between the 
total quantity of absorbable gas and that actually absorbed 
will be the same .in all towers. Hence, if we ascertain the 
quantity of gas absorbed in each tower,*we can calculate the 
’quantity of gas not yet absorbed. Let us call a, b, c the number 
of kilograms of.gas absorbed in towers a, b, c; s the kilograms 
of gas leaving tower c unabsorbed. Then is 

- * a-.i-.e = (a + b + c + z)-.(b + c + z)-.(c + z) 

• a _ b c 

0r a + 4+ce* b + c+z 

and bx - (b + c+z) : (e + z ); * = ^ _ • 


In practice absolutely equal conditions of absorption are not 
attainable, and not even desirable, but the formula allows ef 
drawing conclusions on the possibility of improtffements. If we 
call the proportion of the absorbed to the total quantity of the. 

gas to be .absorbed in each tow# ^. add r the total quantity 


of this gas, then is 

*„ = *£■ b = s £y.^'; a:b = 1 : q V; and, 

q ’ q 1 • 9 

Also ^ therefore 3 * = or?, • 


f m fi-b 

q V a ' 


■ / Soc. Chem. Ind., 1882, p. 21a 
3 Chem. News, 41 , 188. 


- Ibid., lPSvp. 58. 

* Chem- Zell., 1907. P- 75 *- 
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The yield should approximately correspond to this equation. 

The value ^ is independent of the tofil quantity to be absorbed. 

On applying these principles to r. series of three towers, the 
average value of z was found 8-3 per cent., and in reality 
the loss by the exit-gases w.is verj nearly equal to this, viz., 
9-1 percent. ' 

The reports of’the inspectors under the Alkali Acts show 
the actual state of affairs with respect to the escape of HC 1 at 
the English and Irish factories. For the years'up to 1901 we 
refer to the 1 previous editions of this treatise;-and we shall here 
mcrelj- quote the figures for the average escape of acid-gases 
from 1902 onward, including some interesting statements from 
other manufactures. For the years 1905 to 1907 the Scottish 
works are included in the above. In the original the figure? 
are given also for each district separately, ^nd are given in 
grains per cubic foot, but we have also recalculated them for 
grammes per cubic metre :— 


J 11102 

11103 . 

11104 

1906 

1900 . 

1907 . 

Numlier of saltcake-works, registered 1 51 

47 

45 

-*• -tL 

54 

56 

_ 

54 

M cylinder muriatic-acid works 1 10 

is 

17 

iy 

20 

18 

„ Milphuiic-acid works . . 171 

1 by 

, 108 

19J 

iyo 

277 

„ ihenncal-niamne works • ! 17b 

173 

lOy 

2llr 

208 

207 

1 ICI in chimney of alkali-works, 1 



| grains per tubic fool . . . c-o 80 

c-o«Sy 

0-081 

O.083 

0-082 

0082 

--grammes jier cubic metre . o-iqfi 

0-187 

0-185 

0-191 

0-189 

0-189 

per cent, of totals.lR-1 prtidueed 98-59 

y.S.47 

98-69 

98-52 

98-22 

98.51 

Acid-gasta escaping from sulphuric- ; 

*acid thandlers, given as SO„ 




grains jier cubic foot. . . 1 216 

1-24.8 

I- 1 QI 

1-227 

1-197 

1-145 

— grammes jier cubit metre . 2.781 

-’-S 54 

2-724 

2-802 

2-753 

2-619 

Acidity of gasii of all chimney.-.,as SO,, ,*• 



grains j>er cubic foot . % . . , 0-706 

0-728 

o -775 

o -793 

0-737 

1044 

- grammes per cubic metie . '.*1-614 

1-028 

1-772 

1-824 

'•<-95 

2.388 

Ac-dity of gases from condensers of i 

<r 


manu re-works, as the SO, equi\ a- , 






lent of H a SiK # , t i 

grains |*r cubic foot . , . , 0-325 

-K 

0-228 

0-228 

1 

0-214 

0-202 

"grammes per cubic metre . ; 0-743 

0.558 

0.521 

0-521 

0.492 

0-462 


Under the Alkali, &c, Works Regulation Act, 1906, which 
cami into force on the 1st Jan. 1907, the Alkali Acts of 1881 
and 1892 were entirely repealed and many new regulations 
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introduced, t Among the main points of difference the following 
may be noted :— 

Chlorine • Works. — Thl* definition is extended to works in 
which chlorine is used in any process. 

Muriatic Acid Works no»v includes any works .(other than 
alkali work*) where hydrochloris acid.is evolved in any manu¬ 
facturing operation whatsoever. . * 

% The term “alkali-works” frorfl 1907*onwards comprises 
every work for— • • 

(a) The manufacture'of sulphate of soda or sulphate of 
pota.$?, or . ' . , 

* (l>) The treatpwnt of copper ores by common salt, or other 
chlorides, whereby any sulphate is formed, 
in which muriatic gas is evolved. 

The table on p. 380 is drawn up from the Annual Reports 
on Alkalf Works. 

t 

Yields. 

The results^)! working the condensers have been mentioned 
several times before, particularly the unsatisfactory results 
obtained wjgh Jhe older condensers. Few works possess any 
contrivances for exactly measuring the acid produced ; only 
where all of it is sold can a complete check be obtained. So 
much is certain, that‘with really good condensing-apparatus by 
far the largest portion of the HC 1 given off can be recovered. 

Theoretically too parts of NaCl would yield ~ ^ X . 100 =62-32 

dry HC 1 , or expressed in acid of 34° Tw. ( = 32 3 per cent. HC 1 
at o° C.) ( 193 parts of such by weight, or nearfy 165 litres for 
100 kg. pure NaCl, = 368 gallons »per ton. Commoi salt of 93, 
per cent, would theoretically yigld 179-5 kg. (or 153-3 litres 
at 0° C.) of the above acid,V= 343 gallons. . . 

On calculating the acid to be obtained per ton, not merely 
the percentage of the common salt gmployetf, but also the 
NaCl left in the saltcake muti, of course, be token # into account, 
which reduces the amount of acid obtainable.. 

Of thg magy statements of the actual yield of hydro¬ 
chloric acid,*only a few need te related hert; H. Allhwen 1 
* 1 Richardson and l^atts, 8, 235.* 
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states the Result of six accurate ‘trials on the large scale as 
follows, 

68-6o^)er cent, of the theoretical yield from the pan-gas. 

29-40 „ „ „ „ roaster-gas. 

2-00 ,, loss. 


(Jlapham 1 ‘states as the result of six months’ accurate 
observation, •* 

100 parts of commoti saft yielded . 55-80 HCl 

Left in the sulphate .* . . . • 1-52 ,, 

Loss . . . . ... . 0-58 „ 


J’pssible yie[d • . . . . 57-90 „ 

• . * * • 

Al*Messrs Garrett’s of Wigan, there were condensed : — 


In the stone cisterns . . • . 66-04 per cent. 

„ receivers following them . . 33-396 „ 

„ coke-tower .... 0-56? „ 

Found in the gas leaving the latter . 0 002 ., 

• 

IOOOOO ,, 


• This, however, only refers to the HCl found by analysis, 
and takes no account of losses by leakage, etc. 

According to Schrader (/Sc. «'/.), from 92 per cent, salt as 
much as 1^ pprts of acid of 34° to 36° Tw. can be actually 
obtained, instead 0^75-9 parts by theory ; according to Payen, 
120 to 125 parts instead of 154-7; according to Balard, 2 at 
Chauny 95 joer cent. ;tre recovered, viz., 150 parts acid of 21° B 6 . 
(34° Tw.) to too parts salt containing from 5 to 6 per cent, water. 

The following figures were supplied by a German works :— (a) 
133 parts acid of 21 0 Be. ( = 32 0 Tw.) from 100 parts of a mixture 
of 72 rock-salt and 28 nitre-cake ; (/>) 140 to 150 parts of acid «f 
20° Be. from 100 parts of common salt. At Ailssig, where the 
very pure salt of Neu-Stassfurt»(which contains 99 per cent* 
NaCl, and^yields 120 per cent, of.sulphaie) is employed, a yield 
of 148 parts of hydrochloric acid of 34° to 36° Tw. is obt lined 
» from 100 parts of saltcake, or 170 parts from 100 parts of salt. 
At*one of the foremost German worksjthey obtain'd in 1884, 

180 parts acid of 20“ Bti. (spf gr. 1-163'' from. 100 parts of best 
common salt. This would be equal to nearly 173 parjs acid 
of 34° Tw., ^ . . * 

* Richardson and Watts , 6 , 260. ♦ 

1 Rapport^du Jury International, 1867,**7, 4ft. 
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f •• . 

The yield of acid from mechanical furnace^ has been 
mentioned, pp. 145 and 151. 

A German works employing •' plate-columns ” (“ Lunge 
towers") obtains from 100 parts of 99 per cent, rock-salt a yiejf! 
of 183-2 parts acid of 20° Be., .which is superior to any of the 
above-mentioned cases. , - 

Costs of. Plant and Working of a Saltcake 9 

and Muriatic-Acid Works. 


,We quote these from Th. Meyer, 1 as '..eferring to a 
production of 2100 tons of muriatic acid of ?o° Be. ( = 32|°'I>w.) 
and of 1485 tons saltcake. 


1 A. Cost of Plant. 


lUrk.* 

Ground space . 


5,000 

Buildings 

0 

15,000 

Mufile-furnace ancfdccomposing-pan 


9,50° 

Preliminary cooler 


2,800 

Condensers and final tower . 


6,700 

Staging, supports, etc. 


3 ,o00 

40,000 


t- 


B. Working Expenses (per annuui). 


1:35 Ions rock-salt, 97-5 per cent. . at M. 1-20 = 14,820 
1275 „ sulphuric and, I-" sp. gr. ,, 2-00 % 25,500 

62 „ nitrc-cake for denaturing the salt „ t-oo — 620 

445 .. coal.. — 7,563 

Small stores, 1 ‘lighting ... . 1,000 

t Repairs ..... . 3,500 

Wages: 330 working days, 5 men . „ 4-00 -- 6,600 

Foreman (manager) ... . 3,000 

Interest on cost of plant, 4 per cent, on 40,000 mark 1,600 
Depreciation of buildings, 5 per cent, on 15,000 „ 750 

1 ■ „ plant, to per cent. Cn 25,000 „ 2,50 0 


67,455 

■£1 .28-81 mark. _ 


o 


Assuming the .1485 tons of saltcake to fetch a price of 2-80 
mar^per ton—t|jat is, 41,580 mark — this leaves for the 2IOO 
tons muriatic acid (32U Tw.) a cost of 25,875, or 1-23 mark per 
100-kg. (say, 125. ojd. per (on), exclusive of general expenses. 

1 fair. v. Sul fat ugei Salzmurt , 1907, p. 77. ’ 
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Pumping Hydrochloric Acid. 

Formerly, whenever |, was proposed (to lay out an alkali- 
works, the very first requirement to be fulfilled was to take care 
tnat no pumping of hydrochloric acid should take £>lace on any 
•account. Ijjven the weak acid from post-condensers was only 
pumped up at a very 'few, places for' fecding;*the strong con¬ 
densers, because the panning coatrivanoes then known were 
'very defective, and were frequently abandons^ even where they 
had been working for som$ time. 

Nowadays tfje position of matters is quite different. * Stone¬ 
ware pumpg, wMch.weit: formerly almo'st regarded as»playthifigs, 
are* now made ofiAjuitc a serviceable kind; and stoneware 
is made strong enough even to serve for “acid eggs.” Instead 
of the easily melted gutta-percha, ebonite is employed. Even 
acid-resisting metallic alloys are known and employed. The 
■^membrane-pumps ” afford a means of altogether avoiding the 
contact of acid wifh metals. , 

. The difficulty at present consists in deciding which of the 
man^' contrivances to choose for pumping hydrochloric acid, 
but nobody n£ed now shrink* from raising not merely weak 
but also strong acid to any desired height. For good reasons 
this will even now, H" possible, be avoided in the case of strong 
acid, and it is always preferable to lay out the condensing-plant 
in such manner thaUtherc. is a natural fall for the acid to be 
used or sol 3 ; but it is very fortunate that tnis : s no longer 
imperatively required, and that even strong acid can oe pumped, 
which is especially important in the case of ohanges of plant. 
Weak acid is nowadays pumped without any hesitation, 
probably in the majority of works. * 

We shall now describe the various plans for raiding hydro-, 
chloric acid. 

- • • 

Force jfumps can be constructed from acid-proof stfonewqre, 

, or from metal with acid-proof lining, or entirely from acid-proof 
alleys of* metals. We .show here tt^e stoncw'are.pumps of 
Doulton & Co., of Lambeth (Fig. 141), and those of the 
Deutsche Ton- und Steinzeufjwerke/jf Charlottcnburg (Fi^.^42). 
The latter has the advantage that* the valve-seats are easily 
accessible ;* the valves consist*of iiTdiarubber balls (for aalric 
acid of stoneware;. The packing^ washers +. insist of india- 
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rubber or asbestos, and the application of screw-fastenings, 
which in the case of a fragile material like stoneware, is always 
a source of weakness, is reduced to ajpinimuqi. 

A very, similarly constructed ptimp, made of a peculiar 
white metallic allpy, according to t Hargreaves and Robinsons 



r Re. 14:. , 

« 

patent, is made by W. H. Bailey & Co., Salford, and is employed 1 
by many manufacturers It is shown . ; n Fig. 143. “ ' 

Metallic^pumps, with ebonita lining and other parts, also 
similar in principle to those shown here, are built by L. G. 
Dehne, of Halle (Prussian Saxony). 

Another kir\d of pump', in which the moving' parts do not 
come into contact with the Squids, but impart the motion to it 
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Flo 142. 



Fia. .45. 


« * 

by a flexibly menjbrane, is called a “ 1 membrane-pump These 
pumps have been patented in Britain by Hazelhurst (195/Tbf 
1874; 150'and 2527, of 1876), and are shown id rfg. 144. 
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♦ ® • c 

A A' is an* ordinary ‘pufop-barrel; B B' are tvyo cast-iron 
saucers; C, an in^iarubbcr diaphragm, separating the two 
saucers so that neither liquid nor air 4 an pass, from one side of 



’ ' « 

the diaphragm to the othyr. D D are indiarubber ball-valves, 
tficMower one for the acid suction-pipe, the upper one for the 
rlpliverv-nirv* K is a water-cistern, comp unicat ing‘by F with 
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the side of the pump-barrel.* \Chen the fump is set in 
motion, the diaphragm Q waves to and fro, drawing and forcing 
the acid through, the vitves D D. At each back stroke the 
•vater m A' shoots up the pipe G and is delivered‘into the top 
of E ; at each forwani stroke the water fills A' from the bottom 
of the cistctn through }'. Thu« the water is constantly changed 
without any valves whatsoever, avoiding thc^drawl, ick caused 
by the inevitable entanglement *of air ‘passing through the 
gland K. The acid feed-distern may be placed either below or 
above the pump; in the hatter base an air-vessel is required on 
the suction-pijy. Al^ part's requiring it a.t lined, with igdia- 
rubber (or might*,be made of earthenware). This pump is 
specially intended for pumping back the weak acid to the 
strong acid, and it is employed successfully at many workS. 

Other descriptions of membrane-pumps are* employed else- 
nvhere, the parts in contact with acid being formed of acid-proof 
bronze, of an allc^' of lead and antimony (which in many eftses 
does not answer), or of ebonite. E. HauSsmann, of Magdeburg, 
supplies membrane-puinps without pistons, actuated directly 
by steam. , 

Among simple metals antimony , especially when very pure, 
is the onlj* on«. which resists both cold and moderately hot 
hydrochloric acij or its vapour. Hargreaves and Robinson 
(B. P. 5809, of 1882) patented the use of this metal for cooling- 
pipes, evaporating pans, and other apparatu serving for the 
treatment of hydrochloric acid. Later on, Mond proposed 
it for use with ammonium chloride, which comes to the same 
thing. For pumps, etc., antimony, owing to its brittleness, 
cannot be employed, but may be used for lining.acid-cggs, etc? 

Acid-proof bronze, according to Debit 1 , 1 can be made of 
15 parts copper, 2 34 zinc, 1-82 leSd. and 11 antimony. * 

Word.^vorth and Wolstenhalme (B. P. 1429, of 1882) 
employ an indiarubber bJ^, contained in a chamber wine* it 
alrgost entirely fills on expanding. Both the, bag and the 
chamber are accessible *by separate ffipes. .The *acid to be 
raised is admitted into the chamber, whereupon water is ferced 
into the bag, so that the acid is fo'i*cd out of the chamber into 
the pipes jnjpp'ied to convey.it aw#y. Or else the acid isjjut 
into the bag and * he v ater outside. 

\Polyt. NottxbL, #688, p. 136. 
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A very peculiar and* very ingeniously contrived pump, 
devised by Schlotter for strong hydrochloric acid, was described 
in the first edition, Vol. II., p. 258, }tnd illustrated by large 
diagrams, ft consists of several I-in. glass tubes, couplede 
together in a’framd, dipping into an acid jar, which are jerked 
upwards and tak^ acid along by»frictionql resistance® As they 
arc fragile and do' not perform mucU work, they seem to have 
gone out again, and will not tc described in detail here. „ 

Ccntrijugalpumps , made of stoneware, by the Deutsche Ton- 
und Stcinzeugwerke of Charloftenburg (Ger. Ps. 154525 and 
2317423) are .constructed to lift large quantities; jjp to 5000 cub. 
ft. per hour, of acid liquids to moderate heights. Vfcry favovr- 
able reports on these are made by Schulze-Pillot 1 and Plath. 2 

‘The application of cotpprcsscd air, quite general for pumping 
sulphuric acid m " acid-eggs,” was tried also for hydrochloric 
acid many years ago, but at first in an imperfect form. In thk, 
first" edition, Vol. II., p. 252 ct seq ., ( laphamis apparatus, con¬ 
sisting of an acid-egg 'lined with gutta-percha, is described and 
illustrated. This apparatus was not employed except at .the * 
works managed bv the inventor himself, because it was too 
troublesome to cool down all the acid and needed incessant 
repairs. Nowadays these drawbacks could -te avoided by 
employing ebonite-lined acid-eggs, or those mqde of stoneware, 
like that shown in Fig. 14C. 

A more recent shape of these automatic eggs k* described 
in the augew. Chan., 1907, p. 1187. Fig. 145 shows the 
connecting-pipe c, acid-egg e, rising-main h, entrance pipe 
for the liquid valve for the escape of air a. The ball-float 
d has two scqts, one of these in cup /, whereby the air, 
entering through h, is shut off, and the other at a, which 
prevents the liquid from flowing back while rising in b. In the 
first instance a is opeh, as the ball-float d by its gravity rests 
onVj; liquid enters / and fills e. Wfien the valve-box has also 
been fitted with liquid, ball d, being hollow, rises fron? its spit, 
whereupon compressed air enters ahd forces it against a. 
Now* no gas van get out at a\ the ?ir, therefore, presses down¬ 
wards* and forces'the liquid'from n and the acid-egg e, through 
th^rising-main b, filling alfo the "f-piece c. Whqn f has been 
emptied to the “point that air begins to escape through h, the 
1 Z. angew. Cktm., 1906, ff 42a \ Ibid., 1907, p, 444. 
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liquid column c at once exerts its weight anl forces d down 
upon f. Liquid from /.then enters agaig into e, and the cycle 
begins over again. Thf principal advantage of this apparatus 
•is itentire independence from the specific gravity of the 
liquid, and the restriction t>f moving parts *to twe balls which 
can be alvfays replace^! when l»rokcn, 

Angerstein (Ger. P/2J731) uses an eartrfenwart pot inside 



an iron one, and if necessary fills the intermediate spAe 
with pitch. 

The Deutsche Ton’- und Steitizcugwerkc of Chtrlottcnl urg 
supply stoneware acid-eggs up to a capacity of 450 gallons, if 
intended for a pressure mot exceeding one atmosphere sdso 
' eggs allowing a pressure of four atmospheres, but holding only 
frdn 20 to 30 gallons. • 

Wimpf and Schmid (Ger. 1 *. 45729) employ an,earthenware, 
vessel, A, Fig. 147, tested to a pressure of.five atmospheres, 
placed in the jcid-cistern itself. Jn the lowest part of the 
conical bottom, a a , there is a hole, closed by a batl-vaWf, k. 
r is the j 5 ipe for compressed air ; S the rising fr.ain, closed by 
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' the ball-valve A In the'pipe r, between the vessel JK and the 
air-puinp, there is aq enlargement e, filed by an elastic bag b 
(cf. the similar contrivance of Wordsworth and Wolstenholme, 

p. 387). This bag com-* 
plctely protects the air- 
pump against * the acid 
! apours in A. When the 
■air*pump is working, it 
merely compresses the 
elastic' bag, whereupon a 
’certain quantity of acid 
rises thftiugh r, 'k\ and <r'; 
when the air-piston goes 
back, k opens, acid enters 
from without, and the bag 
b is again expanded. v 
Instead of the ordinary 
way of employing com- 
pressed air, the pulsonuter' 
principle, which works auto¬ 
matically and without taps, 
can be advantageously em¬ 
ployed. ,Fig. 148 shows an 
apparatus on this principle, 
constructed by c P. Kestner. 

The illustration clearly 
indicates the extreme sim¬ 
plicity of the mechanism, 
all the parts of which are 
stropg and reliable in 
operation. The liquid con¬ 
tained in the fepd tank A 
ruils by gravity into the cylindrical Body B of the acid elevator. 
As soon as tip: body is full, the acid operates the part ^ of 
the float which, .bv mesYis of the rod 'C closes the air exhaust 
valve and opens the compressed, air valve. The liquid is 
discharged through the pipe T, and the air, after delivering 
the liquid, exhausts through the same pipe, catling a fall of 
pressltre in the apparatus which operates the valves in the 
opposite direction. This cytlc being then (repeated. It will be 



1 mg . 147. 
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observed that t\iere is'nofchetk valve on the delivery pipe; this 
is a very important point, as it simplifies the apparatus and, 
consequently, reduces maintenance charges. ,« , 

. For elevating' hydrochloric acid thesij 

elevators are iinud throughout all parfs with 
ebonite. In Qne form an earthenware body 
''is used, in.anothqr.a'cast-iron body lined 
with ebonite. , < 

• For success in working, the elevator pipe 
should be run vertically upwards to the 
maximum height 'dosired and .the pipe then 
run with a downward fail in the desii^d 
direction. The external appearance of the 
Kestner elevator is shown in Fig. 149. » 

' Special mention may be made of the 
acid-pipe connection employed with very great, 
success at Aussig, and apparently superior 
for pumping-pipes to the ordinary systems. 
Instead of cementing and stemming, The ‘ 
joints arc made by an india-rqbber ring put 
round the spigot end of one earthenware 
pipe which is put into the fapeebend of the 
next pipe with a certain degree of friction. 
This joint is not only perfectly tight, but 
gives to the whole length a certain degree 
of flexibility. The pipes themselves may be 
made of earthenware or even of glass. 

Purification of Commercial Hydrochloric Acid. 

The impurities of crude muriatic acid have 
been, enumerated on p. 65. Non-volatile 
impurities can be 1 removed from the acid 
most easily by distilling it with tJjje usual 
precaution of rejecting the first and the last 
Fig. 149. , portions of the 1 distillate. Ferric chloride 
passes ovei towards the end of the distil¬ 
lation. It can be retained fyy adding phosphoric acid but not 
by tWding zinc or stannous chloride (to reduce it to FeClj). 
Purification '/'rota Sulphuric Acid. —Very, frequently hydro- 
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chloric acid is wanted almost entirely* free fronf sulphuric acta 
e.g. for purifying the sgent animal charcoal of sugar-works 
Hydrochloric acid contijining but little Sulphuric acid is alsc 
desirable for the manufacture of chlorine by the Wejdon process 
( and etten more by the Deacon process. . 

Duringrthfe course of the manufacture the pan-acid, which 
contains but little sulphuric aci<J, can be k«pt separate from 
„ the roaster-acid, contair 5 ng,more of it. In the Dcaa n process 
formerly only the former was employed, and the latter was 
utilised at the same worlds by rhe Weldon process. We must, 
however, first insider th» case where the acid must* contain 
evgn less Sulphtirio acfd than is contained in ordiiufry pan-fccid, 
and that in which*the roaster-acid is required to be brought to 
the s^rne state of purity. s 

A practically complete removal of*thc sulphuric acid from 
hydrochloric acid can be brought about by a careful addition of 

a solution of barium chloride. This has been known and 
• , | • 
practised for very mftny years past, e.g, for the acid sold to 

•sugar-works for purifying the “char”; it was, notwithstanding, 
again patentee^by Wigg (B. P. 1220, of 1882). 

It is rarely required that toaster-acid should be purified to 
the degree^of ^ping saleable as perfectly pure acid, but it is 
frequently desired ti> make it similar in quality to ordinary pan¬ 
acid. This can be done to some extent in the operation of 
condensingjt. It is fnentioned several times in Chap. VIF. that 
by the application of a “preliminary tower” a greet part of the 
sulphuric acid can be kept back by employing in this tower 
just sufficient water to retain the sulphuric a»id, but very little 
HC 1 . It is, however, impracticable entirely to exclude tfce 
sulphuric acid by that means, since the gases* mostly contain 
sulphuric anhydride, which is with difficulty completely absorbed 
by passing over water, so that jometinjes in the last receivers 
of a series more sulphuric »cid is found than in the first. , 

In well-managed works the pan-acid contains from | to { 
pef cent., the roaster-ackl ij to 1 per sent. SO.,, but- even up to 
2 per cent. SO, may be found in the latter. . 

In the manufacture of chlorine with native manganese, the 
sulphuric acid contained in roaster-acid is hardly injurious at all; 
it simply replaces its equivalent of HC 1 , and forms N^nSO,. 
In the “Weldon j^ocess, howev^, it is majnvcnient, since 
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it forms withVthc cMcifim ‘chloride a precipitate of calcium 
sulphate which in the neutralising wqlls increases tfie quantity 
of mud, and caused much loss of ipangatt.eae ccjmpounjls in 
the recovery, until it was properly understood how this mujj 
can be deprived «f its soluble .portions by methodical \fashing 
or by filter-presses. In order ;to prevent this Source of loss, 
Weldon and Stfypc ( 1 !. P. 2?2, of tSgl) treat the roaster-acid 
before use with part* of the calcium chloride solution running 
to waste in the Weldon process, and separate the clear acid 
from the precipitate formed. * , 

Sulphuric acid is much more injurious in the Deacon process, 
than in the Weldon process. For this reason for many yt^irs 
only the pan-acid was available for this process, and the 
ronstcr-acid had to be disposed of elsewhere. This .great 
drawback of course called forth various proposals for puri¬ 
fying the roaster-acid, some of which gave at the same tiraq 
a mixture of 11 Cl vapour with air, suitable for the Deacon 
process. 

In iSSo K. Solvay (B. P. 837, of 1880) proposed the employ-* 
ment of calcium chloride for the production oj pure gaseous 
HC 1 from impure hydrochloric acid. A second patent of his 
(communicated to W. L. Wise, B. P. 12421, of,/,884} prescribes 
running impure hydrochloric acid into a concentrated boiling 
solution of calcium chloride, of a boiling-point of 150° or 160°, in 
such manner that the temperature never'sinks bejpw ioo°; in 
this case pure HC 1 gas escapes. The liquid in this process is 
stirred either mechanically or by a current of air, which is 
regula'ed in such manner that a gaseous mixture suitable for 
the Deacon process is obtained. This process can be made 
continuous by running a stream of concentrated hot calcium 
«h!oridc solution, together with as much impure hydrochloric 
acid as it is able to clecompasc, through an apparatus divided 
int# several compartments. In to is case there is a con¬ 
tinuous evolution of gaseous HC 1 , whilst the CaCl, solution 
runs away, "practically free from HC 1 . • Any acid remaining in 
the ^CaClj tjoluti'in is neutralised by lime, the solution is 
concentrated by evaporation and is used over again. 

Margueritte’s Fr. P. 217005 also describes, the purification 
of hydrochloric acid by CaCl 2 , but there is no particular novelty 
about his proposals. 
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Voster JjGer. P. 50510) propose! ‘pacing tjie roaster-gas, 
before entering the condgnsing-apparatus, through a tower in 
which, it meets a.gne spjay of barium-chloride solution.. The 
temperature in this tower ‘is kept high enough to prevent any 
condensation of hydrochloric* acid. . 

Lunge amd’Naef (Ger. P. 525^2) proposed expelling the pure 
HC 1 from impure roastcr-.ajid by g current of M>t air , employing 
just enough air to fornua ^fixture* suitable for the Deacon or 
some analogous process. * For this purpose* the hydrochloric 
acid itself must be first heated,°and the heat must be as much 
as possible utUked on lh(* counter-current principle, ’ e.g ., by 
a combination of eisterrm with a “hot-air tower.” * Instead of 
hot air it is very ’advantageous to employ the hot gases from 
blind, roasters, which in this case are cooled down to such gn 
extent that they give up their sulphuric acid, together with that 
Contained in the previously condensed roaster-acid. This pro- 
posaj, very fully worked out on a laboratory scale, was considered 
to be quite practicaBlc and very advantageous by eminent 
•practical men; but it was not introduced on a large scale, 
because in th<y meantime Hasenclcver’s process (if. below) had 
been introduced in actual practice, and the few factories in 
which it coyld Ijg of any use were unwilling to risk the unavoid¬ 
able expense and trouble of working out a new process on the 
large scale. 

Whilst pone of trtc processes hitherto mentioned has to far 
made its way in actual practice, greater success has attended a 
proposal, first made in 1883 by Hascnclcver (B. I’. 3393 ) ant * 
again patented in 1888 by the Rhenania *Chcmical Works 
(Ger. P. 48280). It is founded on expelling the 1 IC 1 from 
impure hydrochloric acid by hot sulphuric * acid. For this 
purpose a number of stoneware cy linders, A,, A 2 , (Figs. 15# 
to 152) are connected by pipes A Agitation is produced by 
mechanical means, or, which is decidedly preferable, b\,air 
introduegd through the main pipe L at c, which together with 
thl HC 1 at once fornfs a gaseous mixture^ suitable for the 
Deacon process, and is carrh-.l off by the pqics if cither into t 
or into f. Pipe e serves for the gases direcjly suitablc^for the 
Deacon process,/for dilptc gases ^om which the HC .1 is again 
recovered. At g and h crude hydrochloric aj.d sulphusic%cid 
enter, in'the propoyion of about i£>o parts of the former to 550 
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of sulphuric a^d of ij).2 0 <fw?; at / the sulphuric acid runs away, 
now diluted to 123° Tw., and is agaip concentrated'to I42°Tw. 
by evaporation, in order to be use*} over again.. In practice 
this is done by surface heat. ' * 

In actuaj practice Hasenclever’s,process is performed^in eight 
or ten stoneware cylinders, abopt 2 ft. C in. wide' and 4 ft. high, 
protected againit loss of hejt by a f wooden jacket, and at the 
bottom by a lead 01* cast-ii*on socket fri case of cracking. The 
sulphuric acid rums in with a sp. gj. of r-71 (measured cold), 


• Fig. 150. Fig. 151. 



apd a temperature of about 120“, just as it comes from the top- 
fired pans, in such quantity that there are seven parts of it to 
Cach part .0 f, roaster-acid of 30“ Tw. The air is injected by a 
perforated pipe near the bottogi. 

The liquid acid mixture flows through the entire set of 
cylinders, but the gaseous mixture of HC 1 and air is taken from 
only half of the cylinders for the Deacon process; the other 
half merely serves for expelling the small remainder of HC 1 , 
which would injure the lead.pans in the reconcentration of the 
sulphuric acid. 1 he HCi expelled here is condensed to weak 
acid- water, is cooled, and is pumped on to the roaster-acid 
condenser, whene it is again brought to 30° Tw. by fresh gas. 
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The process goes on perfectly well, and k is e^fcn possible to 
extend it to the pan-acid. # This has the advantage of yielding 
a uniform mvdura.of air gnd HC 1 in propoftions exactly suited 
t»the Deacon process, so th&t the reaction 2 HCl +0 = FTO + Clj 
,can be Carried much further than.is otherwise possible, giving 84 
per cent, conversion instead of 4j t pcr cent. {According to private 
information received, the,strength,of the acid#docs not exceed 
£> per cent. HC 1 .) It is Jruc 4 that tire expense of the process is 
rather great, viz. 16s. per tc#i of bleaching-powjer. The cooling 
of the dilute hydrochloric acid is also troublesome. The 
quantity of air, must be '^exactly regulated. This is dbne by 
aspirating samples -of gas from the cx'it pipe by means of* an 
india-rubber finger-pump and forcing it through a definite 
quantity of caustic-soda solution coloured with methyl-orange, 
until the colour turns pink. The number of charges of the 
fjnger-pump should be constant. 

E^. de Haen (Gcr. P. 121886) modifies the process above de¬ 
scribed as follows:—Muriatic acid, previously freed from arsenic, 
Is rup into dilute sulphuric acid, heated 10 above the boiling- 
point of the firmer; chemically pure hydrochloric acid, of the 
same strength as the crude atid employed, distils over. The 
heating is ^jerfgfmed in leaden vessels, by means of a lead 
steam coil, with stcafn at three atmospheres pressure. The acid 
distilling over is condensed in stoneware coils. 

Deacon pnd Hurfer (B. Ps. 2104 and 2311, of 1880), with 
the same object, convey the impure HC1- vapours through a 
tower in which concentrated sulphuric acid is descending. De 
Wilde and Reychlcr’s patent (17272, of 1889>) agrees entirely 
with this. Another patent of Deacon and Hurter’s (15063, 
1888) refers to obtaining dry HC1 by the actiorf of a current of 
air on a mixture of common salt *nJ sulphuric acid • . , 

A. R Pechiney & Co., havp takcij out a French patent 
(No. 217734) for the following process:—The apparatus ,for 
expelling^ pure HC 1 from crude acid by means of air and 
sulphuric acid is divided by a perpendicular partition into two 
unequal compartments, comr unicating at _ 1 op and bottom. 
The smaller of these is provided with several basins ; the larger 
is connected witji a sort of Glover tower for rcconcentratmg the 
dilute sulphuric acid by hot gases. The h"t concenjra*ed 
sulphuric* acid, cornjpg from the bottom of the lower, is mixed 
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with the impilyc aqueous hydrochloric acid in the top basin of 
the smaller compartment, flows downward over all the basins, 
and then enters iflto the larger epmpartfKent,, where, it is 
traversed by a current of air which'expels the HC1 gas, the 
mixture of gases being used for. thw manufacture of chlofine. , 
Solvay i Co. (B. 1 ’. 15531, of 1889) employ for distilling HC 1 
a long evaporatkig-trough, \yith a longitudinal separation not 
quite reaching to tlu back tmd, and a ifi replace underneath the, 
front end. Eaclunf the two compartments is connected by pipes 
with a smaller, closed trough, p'accd alongside, and forming the 
distilliitg-vesscl proper, one pipe serving as r.r inlet and the 
othtr as an'outlet. The small trough is not heated. - The whole 
apparatus is filled with sulphuric acid of 142 Tw,, or with con¬ 
centrated calcium chloride solution properly heated. Ther by a 
funnel-pipe hulrochloric acid is run into the small distilling- 
Irough in a continuous jet. Pure HC 1 is at once given off and 
csca|>es by a pipe from the distilling-trough, the water remain¬ 
ing behind and diluting the liquid. In one of the compartments 
of the long evaporator a paddle-wheel causes the liquid to flow” 
in one direction; therefore the liquid, which is getting diluted in 
the distilling-vessels, flows slowly through one of the connecting- 
pipes into the evaporator, travels along the. separation, and 
through the second pipe back into the evaporator, where it is 
not allowed at once to get to the first (outlet-) pipe, being 
compelled by zigzag walls to travel a long way between both 
pipes. 1 he funnel-pipe for feeding the hydrochloric acid is near 
the second (inlet-) pipe. It is best to employ sulphuric acid, 
since there is already some in the hydrochloric acid; but 
ip this case the evaporator must be made of lead, whilst 
with calcium chloride it may be made of wrought or cast iron. 
JThis seems entirely out of» the question, as the liquor will 
never leave the distiller free from acid!]. The distiller must be 
made of lpad, lined with acid-proof stone, or entirely of stone or 
stoneware. 

The principle of making pure HC 1 from impure acid‘Try 
expelling it with sulphuric acid* is anything but new. As 
early as 1868 P. W. Hofmann 1 made pure hydrochloric acid on 
a manufacturing scale by tunning sulphuric aeM of 170“ Tw. 
into (prude hydrochloric acid. HCf gas escapes at once, is 
1 Btn.. iL n. 372 . 
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washed inja washing-bottle, and absorbad in itistilled' water. 
This goes on till the sulphuric acid has got down to 131* Tw. 
It acts of course Jjy attracting water and driving the free HC 1 
<iff in the state of gas; ft‘is said to retain only o-,}2 per cent, 
, HC 1 . ^It may either be employed for decomposing salt or be 
concentrated. ‘One hundred parts of concentrated‘oil of vitriol 
furnish 40 parts pure hydrochloric acid of sp. jy. m8i. 

, As might be expected, Hofmann's process docs not remove 
any arsenic from the hydrochloric acid, but increases it bv that 
derived from the sulphuric aci*l. In fact Fresenius found the 
gas contained, arsenic ip nil stages of its evolution.* This, 
thijfefore, hnust*in •e.nf case be removed independontly, as*will 
be presently described. 

According to a series of patents (Vcrcin Chcm. Fabr. mi 
Mannheim, Eng. P. 16910 and 16910 A,W 1906 ■, W. Hascnbach, 
jd.S. P. 834977, of 1906), hydrochloric acid may be freed from 
arsenic, sulphuric acid, ferric chloride, and all other impurities 
by washing with Ttydrtrcarbon (peat) oiis.^ 

• QIagncsium Chloride is employed by Scheur (Ger. P. 123861). 
He obtains hydrochloric acid free from sulphuric acid by 
running crude muriatic acid* in a continuous stream into a 
.magnesium chjgridc solution, boiling at 118” to ^cfC., in such 
manner that the botling is never interrupted. 


Purification *of Hydrochloric Acid from Arsenic. 

Many proposals have been made for preparing pure, 
arsenic-free hydrochloric acid from the crudc^ acid. Houzeau 1 
states that weak acid can be obtained free from arsenic by 
simply evaporating it in an open vessel to two-thirds of*ts 
volume, in which case all the, arsenic distils AsCl r In 
order to obtain a stronger acid^ 3 litres pf crude acid are pift 
into a 6-fitre flask, 0 3 g.,of powdered' potassium chlorate are 
added, and the flask is dosed by a perforated cork efrry- 
ir% a Afety tube and. a wide tube of 20 ia. length. The 
latter is drawn out at the bottom and* filled with about 100 g. 
of copper turnings, and t>n the, top of ‘these* with » 3-in, 
layer of asbestos or pounded glasa This tube project* pretty 
far into IHd neck of tHfe fla&k, irf order to be heated by. the 
1 Cemptts p. rosy 
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vapours; its u^per end it. connected, by another tube, with a 
receiver containing water. . If heat f is now applied, by the 
action, of the KCIO.*, the AsCl, is c»pvertec| .into ^ion-v< 4 atile 
As 2 0 5 ; the.excess of chlorine escapes along with the HC^ 
but is retained by the moist copper, and drops back iffto the 
bottle as a solution of CuCl 2 . ( ln order that an e«cess of Cl 
may always be present in thq. boiling .liquid and the reduction 
of As 2 0 s be avoided,<-a streitm of hydrochloric acid containing 
ten tunes the original quantit}' of KCIO., is run in continuously 
through the safety-tube. Of course this process is too trouble¬ 
some and expensive for working *on' a largo, .scale, and its 
succftss is after all only problematical [cf. belaw).* <* 

A suitable plan for eliminating arsenic‘was proposed by 
Bettendorf, 1 viz., adding a solution of stannous chloride in 
concentrated HC 1 . This produces a brown precipitate, con¬ 
sisting of arsenic with 1-5 to 4 per cent, of tin, but only in. 
concentrated hydrochloric acid of sp. gr. 1-182 to 1-123: with 
acid of l-l 15 the precipitation is incorhplete; with acid of 
1-ocx) no precipitation at all takes place—probably because* 
then the arsenic is not present in the liquid as f AsCl 3 , but as 
As 2 O s . 1 his reaction is not fmly very well adapted for 
detecting arsenic in the presence of antimony.sincp the latter, 
is not acted upon by SnCl.,, but also fdr purifying crude 
muriatic acid from arsenic, which is precipitated by a fuming 
solution of S11CL, separated by filtration afttir twenty^four hours 
and the acid distilled off almost to dryness. The distillate 
is quite free from arsenic. Probably, instead of distilling, 
Hofmann’s process of driving out the HC 1 in the cold by strong 
vitriol might be employed, if the latter can be obtained free 
from arsenic. ‘ 

• Mayerlwfcr- completely confirmed llcttendorfs statements, 
but found that mere oxidation cf AsCl, to As 2 O s and subsequent 
distillation could not purify the hydrochloric acid from arsenic, 
as H. Rose and others had asserted; for arsenic acid is 
decomposed«b/ HC1, especially on heating, with formation 
of AsCl,, and chlorine, and that all the more easily the more 
concentrated the HC 1 . Hence the proposal made by Bensmann 3 
according to which the acid is to be diluted to ;;p. gr. 112 and 

1 (firry!. fro/yt. c.xriv , p. 253. - Arm/. Chtrn. Pharm ., clviii., p, 326. 

• 13 c hem. Zyt., 18S3. p. 203. 
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distilled with potassium chlorate, ‘caifhot* produce the desired 
result. 

Tie Hsfkortsphe Rgfgwerke und (fheroische Fabriken 
(per. P. 109488) bring the' gaseous (impure) HC 1 mto contact 
with ^ solution of stannous chloride, either by; passing it 
through tho*solution contained *n a suitable vessel, or upwards 
in a tower in which the* solution is runnfhg down. The 
purification takes place* m$>st quickly if* the temperature ol 
the stannous chloride solution is not much Ifbove that of the 
outer air. 

Hager 1 remarks that, if flic precipitate formed in Mettendorf! 
prqgcss is*«not completely filtered off before distillation, the 
distillate always contains arsenic, even with an excess of stannous 
chloride. From the latter stannic chloric is formed 

(3SnCl., + 6HCI + ASjO,, =* As 2 + 3H 2 0 + 3SnCl J ), 

• 

and passes over into the distillate. • Hager consequently 
recommends the process of Duflos :—The acid is diluted to Mi 
sp. gr.; if it contains any SO,,, some MnO, (or KC 10 3 ) is added 
then broad bright strips of copper arc put in and digested 
<jne day' at^tbc^it 30' C. The strips of copper are taken out 
scoured, and put Jnfo the acid for another twelve or fourteen 
hours. Thus all the arsenic is precipitated on the copper, 
the chlorine is removed, and the ferric chloride is reduced tc 
ferrous chloride. Thallium also is precipitated by copper in 
the presence of arsenious acid. The liquor is then distilled 
after first putting a few scraps of copper into the retort, in 
order to protect the ferrous chloride against bemg reconvert efl 
into ferric chloride. 

Diez accomplishes the sam? result by treafhtent with 
sulphuretted hydrogen, filtering,«and distilling; 2 Engel* still 
more simply, by adding 0*4 to 0-3 per cent potassfum thio¬ 
sulphate, gouring off from the precipitate, and distilling. 

S"he Tentelev ChemiCal Works (Bijg. K V’ 73 1 -- ' 9 * 6 ) 

obtain pure hydrochloric acid*t/ distilling the commercial ^cid 
in the presence of a concentrated Solution o{ zinc chloride of 
such strength that it mayg be ^leatqfi to 125° to I35°C. The 
1 Wagiui'i JahAsber., 187 2, p. 263. ’■ Wagner's Jukrukr., 1873, f. A3. 

* ^ Engel, tbit! , [874, p. 275. ‘ 
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operation is coi^inuoifs, efudt acid being introduced in quantity 

equivalent to the pure acid obtained. ( 

Hargreaves-and Robinson (B. P. of,29th Aug. 1872) proposed 
to add H.,S before condensation in'the manufacture of HQ 
on the large seals, in order to remove arsenic and to^rcducc 
SO., to S. The latter was of special importance <to them, as 
in their process'the IICI always contained a little SO,, which 
was prejudicial in thd prepaftition 0/ cljorinc. , 

Leather (B. 1 * 2493, of 1882) trouts hydrochloric acid with 


barium . sulphide , which remows both arsenic and sulphuric 
acid. D'Andria (B. P. _ 17908, of *18.87} employs precipitated 
zinc sulphide. Beckurts' 1 removes arsenic by distiKing hydro¬ 
chloric acid with ferrous chloride and rejecting the first 
3<J per cent, of the distillate, which contains some asscnic, 
whilst the subsequent 60 ])er cent, is free from it. Otto- 
saturates the acid, aftei diluting to sp. gr. M2, by.repeat#^ 
treatment with I 1 ,,S, separates from the precipitated As,S a , 
distils, removes the first portions of the'distillate, and collects 
lime -tenths of the acid as pure. , * 

Whitehead and Gelstharp (B.P. 18940, of 7894) treat the 
crude muriatic acid with sulphuretted hydrogen or preferably 
with a mixture of II,S, SO.,, and air, such as i».obtained by thp 
action of muriatic acid on Leblanc soda refuse. 

VV vide, Kynaston, and 1 he United Alkali Co. (B. P. 11 353 > 
of 1S97) purify hydrochloric-acid gas frorft arsenic Jay cooling it 
and passing it through a drying tower filled with coke, where 
the arsenic is entirely retained. 

The KarbweAie Hochst (Ger. P. 167355) remove the arsenic 
By vanadious < salts. They pass the hydrochloric acid gases 
through the blue solution of vanadious hydrochloride or 
'sulphate,Munich thereby turn*, green, the reduced arsenic being 
separated as a powder. 1 his also retains the chlorine and 
ferric chlbride. The inactive, greeir solution is freed from the 
arsenic by filtration, and vanadium protoxide is reduced from 
the VjO s By eleptro-chqmical method.* * 

A similar process was also ‘ patented by the Farbwerke 
vorniiMeister Lucius unc} firiining (Ger. P. 164355, °f ISJH)- 
The Verein Chemise hyr F^brikpn in Mannheim (Ger. Ps. 

* 1 Fischer’s Jahresher., 1884, p. 348 ; 1887, p. 545 -, 

" “ V886, p. ioor. 
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• 795 * 3 . 795 * 4 . and *87325) havfi f<fUn<f that j nineral oils take 

up the arsenic from gas<#> and liquids, if they are brought intc 

intimate contact* jvith t^Cm, preferably also applying a cooling 

fiction. If the arsenic *s not already present as* As„Cl.,, it is 

brought to this state, rg.,*in dilute muriatic aciij by passing 

some gasoous I 1 C 1 into it, tyid in. sulphuric acid containing 

arsenic by the same m^jiis. TJie mineral F>il em; loyal {eg 

lignite oil) is no! chlormatfd itseP, if tin* teinpeiature uniains 

low, and can be regener*ted by washing, firFt with lime water 

and then with hydrochloric acid. From ordinary hydrochloric 
' ' • 

acid the arscjiic may be "removed ^v agila'mg with mineral 
oi^ and in’the saijic way from sulphuric acid by adding some 
muriatic acid, which transforms the arsenic into chloride, and 
subssquently agitating with mineral o;l. (The British patents 
for this purpose have been taken out by (*. \V Johnson— 
,Nos. 16910 and 16910 A, of 1906.) 

The same firm in their Gcr. 1 ’. 195437 (B. 1 ’. by Johnson as 
above; Fr. B. 368752} extend the process to other oily matters, 
•excluding easily decomposable glycerides of fatty acids. They 
also propose ^cooling down the liquids before bringing them 
into contact with the oils. 

• Dr Lui^;e ^as informed that these processes have proved 
quite efficient, antf are in constant application m Germany, 
England, Austria, and the United States. 

The Chpmischc l # abrik Gricsheim-Elcktron Tier. Bs. 194864 
and 195578) removes the arsenic by dichlorbenzene or carbon 
tetrachloride, or, preferably in the case of gases, by acetylene 
tetrachloride, allowing the gases to meet ‘these liquids in 
towers. The washing-agents are entirely freed from arscrilc 
by washing with about twice their bulk of water. 

Arsenic and most other imfiui.tic' may be rSmoved 1 bp 
passing the dry gas through 11 brine .circulating refrigerator 
which condenses the arsenkms chloride and other mqturiti -<• 
Lucrqp and Riche (Fr. 1 ’. 480247, of 191 convert the 
impurities into non-volStile compounds by add it’; in of per¬ 
manganates or other per- sk..s and obtain, the pure tB»1 by 
distillation. 

1 4. Rov, Ckegt. Trgdc 1913, p. 43 v 
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Removal of all Impurities from Hydrochloric Acid. 

• « 

Sulphurous add and chlorine, according to Damonte, are 
removed froiti hydrochloric acid by a current of carbonic acid* 
without reducing its percentage - of *HCl. The latter assertion 
has been refuted by Roscoc *md Dittmar, the former by 
Bolley and Ott, \vho did not notice the least effect of carbonic 
acid on the SO„ contained in hydroqhlomc acid. 1 

Chemically pure acid for pharmaceutical purposes is said by 
Giudice 2 to be prepared by rentoving from the sulphuric acid, 
prcvjou.s to ( its decomposing the silt? any SOj,,by potassium 
bichromate or permanganate, and passing Jthc HC 1 through 
mercury, in order to remove Cl, Br, 1 , ancf FeCl 2 [but this 
result can hardly be attained in this manner!] ’ 

Friese 3 holds that perfectly pure hydrochloric acid can be 
made from common salt and ordinary sulphuric acid by, 
thoroughly washing the acid gas with boiling water br steam 
before passing it into the absorbing-vessels 

Habcrmann 4 prepares perfectly pure hydrochloric acid from 
so-called pure acid of commerce by adding o 5. g. potassium 
chlorate to a litre of it and distilling from a glass retort with 
a I.iebig cooler into a receiver, containing sav.mu.di distilled 
water that an acid of from 20 to 25 per cei\t. HC 1 is formed 
when 4 of the contents of the retort have distilled over. If 
free chlorine is to be excluded as well, thJ receiver, >is changed 
when the distillate comes over entirely colourless. All the 
arsenic is said to remain in the residue. 

A gas-filter for the purification of hydrochloric acid is 
described by lloulouvard (B. P. 4609, of 1899). A tank is 
provided with a kind of grate, formed by coarser particles, on 
vt'hich rests a layer of 18 in. to* 3 ft. depth, formed of grains of 
^ to J in. diameter of iudiffereiYt substances (coke, quartz sand, 
crushed stoneware, with a rough surface on which dusty and 
fog-like partiqles of salts, arsenious chloride, ferric, chloride, 
selenium, and sulphuric psid are retained). The gases pass Vhe 
tank *p lowly from -the top downwards, say about 1 cbm. per 
05 sq»> m. of surface. (S.'rfiilar gas-filters are employed by 
Kessler in the concentration of sulphuric acid, and in the 

1 I Vayner’s Johresher.^ i860, p. 19 >. ' Fischer's Jshresber., 1882, p. 373. 

5 Chcm. /ml., 1898, p, 987. "• 4 Z. angnu'Chern., 1897, p. 20a. 
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INJURIOUS EFFECTS OF IMPURTWES 

• - ’ 

plate-tower erected at Duisburg, Sitprh, p. y;.) Sometimes' 
such a gas-filter will ctrtainly cause such a loss of draught, 
that, artifisial draught ytill have to be created either before 
*or behind the filter. * • 

Skinner (U.S. P. 875558) aHows the crude miyiatic acid to 
run into distilling flasks froijp which the vapours pass into a 
large intermediate vessel wher» ferric chloTide an., the other 
, impurities are separated, except ctilorinc* The gas is removed 
by bringing the vapours into contact «Tth acetylene gas. 
(Arsenious chloride will, not T>e removed in this way.) 

* Injtu turn ij tut t frtj'tt, tttt i ly j t yur utttivr it sitiu. 

The presence of sulphuric add js very injurious in »the 
revivifying of the spent char of sugar-works by forming calcium 
.sulphate, which stops up the pores and on ignition is converted 
into calcium sulphide. According .to Deutecom 1 such- acid 
cannot be empfoyerf in carbonising weol, because it acts too 
* strpngly on the iron drums. In the manufacture of sal- 
ammoniac ajjd of aniline hydrochloride it interferes with the 
crystallisation. In dissolving basic siag (from the Thomas 
.Gilchrist ^rro^ss) it acts less advantageously than pure 
hydrochloric acid.’ Rurup 5 states that in gahanising iron 
impure acid causes black spots which do not take the zinc. 
For galvanising purposes the acid ought not tc contain upwards 
of 1 per cent. S 0 3 ; 1-5 per cent, is the extreme limit. 

Sulphurous acid is easily reduced to HjS, which acts 
strongly on brass wire-netting, and causes inequalities if used 
for pickling iron before rolling it into sheets. Arsenic iitts 
similarly. Its presence has, moreover, caused fatal accidents; 
acid containing arsenic has beeit u-ed for producing hydrogtSi. 
Nitric and nitrous acid, chlorittt, and selenium are injurious in 
the manufacture of anilino hydrochloride, which therc’by acq-ires 
a red an^d afterwards a greenish colour. Seleniujn also produces 
a ^ink shade in sa!-amntoniac. Accosting to,G. h. Davis, 5 it is 
the presence of selenium Winch maki s tho acid .unsuitable for 
refining oil, pickling wire, bleaching, etc.—nrjt iron or argenic, as 
commonly supposed , 

1 Chejn. /.tit., 1S92, p. 5; ,- C/um, /tit., 1894, P^> 5 - 

4 / Soc. Chem. In A, 1883, p f$ 7 . 
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Packing and Conveying Hydrochloric Acid. 

a i 

Until a feu year-, ago the carriage of hydrochloric acid was* 
very troublesome, because manufaAurers confined thctrtselves 
much longer to the exclusive uae of glass carboys,''packed in 
wicker hampers or wooden tubs, than no the case of sulphuric 
acid, under the impression that this, wa.s unavoidable. In the a 
case of hydrochloric acid, with its lower-specific gravity, the dead 
weight to lie carried and the loss by breakage of the carboys 
is coyiparali 1 ely even more serious that, in the c^ye of sulphuric 
acid, which, moreover, formerly represented a greater value. 

In France glass carboys were, in fact, frequently replaced by 
earthenware bottles, of. Beauvais pottery, holding about as 
much as the glass carboys (say, 11 or '2 galls.); these could 
be stored up loose at the works, but when being sent away« 
they were also put in hampers Sometimes even sm<\ller 
packages were used, such as bottles holding about 45 lb., four 
of which were [jacked in a case. , • 

The early attempts at doing without glass .carboys were 
not very successful, so long as vessels of not much larger size 
were employed. Thus, for instance, in England g*tta-percha% 
bottles, holding i i or 2 cwt., were sometime^ employed; but 
these cost / j each, which was about fifteen times as much as 
the acid contained in them, and the)’ required constant repairs. 
Of course they could only be employed for sending to com¬ 
paratively short distances, as they had always to be returned 
to the works 

Iron vessels jyith ebonite lining, as shown in Fig. 153, are 
much better At a, the india-rubber hose for running-oflf is 
sit own These vessels hold about 8 tons, and none but these 
are used at the Chauny works. * 

tn Germany mostly stoneware vessels, of the shape shown 
in Fig. 157, ate now employed. Such pots, of a capacity of 
800 litres (about 480 gallons) have a height (without cover)'-of 
4 ft. 3 in., and an oupside width of'3 ft. C in. Twelve of these 
are placed on a railway tr^ck, 23 ft. 9 in. long and 8 ft. 3 in. 
widf, in two rows, and are fii ndy fix/xl thereon by a wooden frame, 
the Wttom and-all contact surfaces being protected by felt 
against the effect of shocks; These twelw pots contain to 
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tons of acid. They are fixed oil truck, and are filled and? • 
emptied by siphons. 



153 - 


As these hydrochloric-acid railway trucks must be con¬ 
structed in a particular jnanner if they are to fulfil their object, 
and* as there appears to be some* difficulty in obtaining 
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« ^ I ' f ' 

*a cross-section ; Fig. 157 a*’haif-section of one of the pots. \Ve 
notice the wooden blocks //, coated ;at both ends with india- 
rubber or felt, by Mich the pots are stayed against „ one 
another; on ihe top they are kept tdgether by light boarding,,, 
ee; gg are linings for the bottoms of the pots, mttde of 
cork wood; h /; are wooden blqcks, staying the 'pots at their 



lower part, without india-rubber lining, fixed by the cross 
pieces In Fig. 157 ,we see the 'joint, made for being 
stemmed wjth coal-tar and sulphur. 

Pohl^ (Ger. P. ^Oi 88) proposes coating iron vessels with 
asbestos cloth soaked with paraffin, wax, stearins, and the like, 
for the purpose of carrying acids. Kramer (B. P. 4684, of 1895) 
employs wooden vessels coated inside wj*h asbestos and 








Fig. 47 . 
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^silicate of soda, and* afWirttards with paraffin, wax, pitch, 
tar, etc. . , . 

Sirponct (Ger. P* 6437) places wjboys .*f acid-resisting 
material in a metallic jacket consisting of two halves; the, 
space between the carboy and jackct»is filled with some saitable 
substance. ■ ' 0 

Some of the Apparatus and coytjivanccs for conveying 
sulphuric acid, described sulRluiric acid.volume, will also serve , 
for hydrochloric adW. • 

I’feffer 1 discusses at length the carriage of chemical liquids 
on railways. • , , . 

A’dcscription of the truck for the carriages of mw'atic aiyd 
by Charlies Roberts & Co, of Horbury Junction, Wakefield, is 
giv<jn s It is a truck, folding 10 tods acid, made of w«ood, 
avoiding an)' irofl nails and screws and the like, and thoroughly 
coated with pitch and tar. •. 

Iy German)', railway rars are built holding 15L tons acid, 
stored in vessels with jicarly straight sides, ot a capacity of 
11 or 12 cut each 

A carefully designed tank for the transport o^ hydrochloric 
acid by road, rail, or water is patented by British Dyes Limited, 

J. Turner and J II. West (Eng. Pat. 124, 9C47). .The tank, 
is built up of steel plates lined with ebonite or vulcanite, 
vulcanised on to the metal. The method of jointing, baffling, 
and air escape are described. 1 « 


Storin'? Cisterns for Hydrochloric Acid. 

Usually stone cisterns arc employed, which have been 
described on pp. 261 </ seq. ; but these are heavy and expensive. 
In man)- cases stoneware Jo's (pp 270 et seqi) may be used, 
especially by connecting* a number of them, by means' of glass, 
india-rubber, or stoneware siphons, in such manner that the acid 
can be run in.or*out of any one of the vessels. ‘ , 

Round wooden store vessels are shown, Fig. 118, p. 31C; they 
are nof oftefi diet with. A bejtter plan is that of square wooden 
cisterns ,‘lined with* brick, joined with coal-tar asphalt; the 
. . c - . ' . , 

* t ' Z. anyezu Chtm., 1908, pp. 98 et uq. 

■ Ckeny. Trade Jour., J908, vol. jciii., pp. (j* et seq. 
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well-known cement made of asbftto* powder and dilute water-1 
glass solution is also applicable here. * 

T. D. Q»vens»(B. P. jr294, of 1892) m 4 kcs hvdrochlorfc-acid 
cisterns of two layers ofNvood or other material, \\-ith an inter¬ 
mediate space into which is poured a moltcp mixture of about 
equal part# of brimstone, ground pyrites-and sand The inner 
wooden shell may be lef^ out, apd the abo« mixture applied 
on a background of wood, slatd, vulcanite, or m< tal This 
invention is also applicable to the construction of electrolytic 
cells, vitriol chambers, copdensing towers, etc. 

The Deu^she Ton-, und Steinzeugwerkc, Charlottcnburg, 
supply iron-cased *stoneware vessels, Consisting of Single pieces 
joined by an acid-proof cement 

Adamson (U.S. P. 846541) employs bottles of glass, ccreiync, 
or other materials, the bottoms and skits of which are 
•Strengthened by wire gauze embedded in the material. 

i The Wcstdcutsche Tonwcrke at lijiskirchcn make stoneware 
vessels up to 10* tons*capacity, and weighing less than the stone 
1 cisterns. Stoneware vessels holding up to 2 1 or 3 tons capacity 
are now m;^le by all larger potteries, and arc found at all 
German works. * 


Statistics. 

h.xacp statistics as to the quantity of hvdrochloric .--id 
manufactured cannot be obtained in most cases, a., most of it is 
employed at once for making chlorine, etc. It may be indirectly, 
but only very imperfectly, inferred from tPic amount of salt 
decomposed; cf. p. 21. • 

For Germany, Hascnclever estimated tire production in 
1882:— * ** * 

• From 18 soda-works *•- 126,450 .cits acid, 20“ Baumd. 

„ 8 potash ,* 22 000 

148,450 t 

In 189!, Germany infported*481, and exported lojl tons 

hydrochloric apid. ,* 

FranCe Imported in* 1893, 3812 tons hydro-hlorfc and 
exported 1517 Mps. 



m MANUFACTURE OF HYDROCHLORIC ACID' 

0 . N. Witt 1 calculates*the German production ot saltcake 
and muriatic at id at 300,000 tons c^ach in 1902. , For 1906 
we mtiy put the figdrc = 350,000 to*^oo,ooantons,each. .The 
exportation jn 1901 amounted to 4T ,742 tons saltcake ant^ 
12,143 tons muriatic acid. ,0 - r 

Some statements-on the production of muriatic acid in 
Russia are found «n Chcm. I/yi, 1900, p. 543, and Chew. Zeit., 
1900,9.313. . 1 l 

Belgium produced 22,500 metric tons of hydrochloric acid 
in 1913, and 27,000 metric tons in 1929. 

Only’for the United States do wu possess accurate statistics 
in thfc’ Uni ltd State$ Leifsus Bulletin , No. XIII., by Profesjor 
Chas. K. Munroe. From this we take the following state¬ 
ments • <- 


Number of factories manufacturing 

muriatic acid 

In 1900 

3 * 

In 1805. 

3 6 S. 

Of these there were principally occupied with 
dlher products * 

t 

25 

Quantity of muriatic acid prftduced 

lb. 

134,229,012 

188,538,396 # 

Value of this 

. dollars 

>» J 73 » 9 oo 

1,730,221 

Of this there was worked up in 

the factories 

t 


themselves 

\ lb. 

> 7 , 553.903 

61,035,714 

Average value of i lb. in cents 


0-0087 

c » 

O-OCK}’ ( 


HO manufactured in U.S.A. in 1914 (Dept, of Commerce, 


Misc. Rep., No 82, p. 177):-— 

' 

1 


Short Ton*. 

Value. 

HC 1 manufactured for sale 

85,338 

u,343,805 

Made and consumed 

83,135 


Total production 

. 168,584 



< The condensation in Woulfe’s bottles and coke-towers has 
been replaced there in most caser by Lunge-Rohrmann columns. 
The ( CellariHs touries arc also employed. 

1 Cjem. I rut. it. Deutsch. Reiches\ 190’, p. 82. 
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• Applications. 

• • 

The applications of hydrochloric acid are extremely numerous. 
^ 5 ome pf it serves for preparing chlorine, which, in its turn, is 
employed Jor manufacturing bleaching-powder* and liquor, 
chlorate of potash, etc!*., br dire^tlj' for bleachjtg. In Germany, 
during the year 1878, thS ltoppag(*of several alkali wc dts raised 
the price of hydrochloric jickl so much that ig some plates the 
manufactures of chloride of lirrge and other applications of that 
acid at the works thcmscfvfs were discontinued. 

The *grow!h qf the’ clcctrolytic*«alkali piocess has jnade 
chlorine more pKntiful than hydrochloric acid. Each is now 
rna^p from the other, according to which is the more plentiful 
in the district. * • 

. The application of weak HC 1 have been described on p 368. 
Hydrochloric acid further serves, mostly in its ordinary state of 
concentration, for proparing the chlorides of zinc, tin, antimony, 
, ammonium, barium, calcium, etc.; for manufacturing bone-glue, 
superphosphate, purified animal charcoal; for revivifying bone- 
char ; for bitching, partly by itself, partly along with chloride 
of lime, and in innumerable cases in dyeing and printing; for 
preparing* evcral tother acids, especially carbonic acid (in the 
manufacture of*sodium bicarbonate, mineral waters, etc.); for 
neutralising the caustic soda in manufacturing alizarine and 
resorcine, and in the manufacture of man; other artificial 
colouring-matters; for pickling iron and zinc; for freezing- 
mixtures (with Glauber’s salts and snow); .for preparing lead 
oxychloride from galena by Pattison’s process; for making 
aqua regia; for purifying sand and clay f»m iron for glass 
and ceramic manufactures; fo% purifying cream />f tartar; for 
precipitating fatty matters frorg soap-suds, and for decomposing 
the lime*soap formed from the same, for the metallurgical prep¬ 
aration of copper, and of galena containing zinc; for gating 
t|e ziriC from tinplat* scraps; for recovering.mlphur from 
tankwaste; for removing bo’ler-scalaq as auxiliary in diffusion 
at beetroot-sugar works •' for saturating the SyFips Snd the 
manufacture of sugar from molasses b)» means of* alcohol; 
and for Enumerable rfther ‘purposes. • 

\Dingl. potyt. f c^pi., p. 92. • 
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• A very interesting guide to the relative demands Tor hydro¬ 
chloric acid in various industrjes is givijn by Muryoe 1 from data 
collected by the U.S. llureau of the Census 


Hydrochloric Acid. 


. 

« 1900 . 

1945 


lb. 


Production ^ \ 

134,'229,012* 

188,538,396 

Consumption : -- * 

Bleaching materials' 

908,000 

1,004,000 

Chrome tannage* . 

f, 000,000 

6,000,000 

Cleaning facades . . , 

3,000,000 

4,000,000 

Disinfectants 

, 2,500,000 

3,200,000 

JDyestuff;. <*. 

< 655 ‘>. 4 <¥ 

•' 7,632,027 

Fine chemicals 

1,146,697k 

1,181,078 

General chemicals 

3,4 88,oi x) 

13,096,827 

f Glucose making . 

10,846,828 

12,283,466 

Glue making * 

38,186,33s 

61,795,150 

Olive curing 

2,500,000 

3,500,000 

Papermaking 

3,000,000 

4,000,01.10 

•Pickling metals . ' . 

27,000,000 

K 30,000,000 

Reducing and refining metals 

i 5 . 357 , 68 o 

24 , 729 , 2<70 

Soapmaking 

400,000 

393.246 

Soldering .... 

4,000,000 

3 ,(XX ),000 

Textiles . . . . 

6,000,000 

7,000,000 

Washing bone black. 

1,500,000 

1,750,000 

Washing sand and clay . 

1,500,009 

‘ ■/, 0 ^X 3,000 

All other uses 

1.336,005 

« 1 , 973.312 


1 J. Washington Acad. Sl 191 i,*l, 70. 






